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ABSTRACT 

Nine papers were presented at a workshop concerned 
with structure and process in cognition. The reports given at this 
conference represent detailed applications of these concepts to 
limited areas of experience. This work is unique in that both 
structure and process appear together, rather than being studied as 
independent concepts. All the papers may be interpreted as talking 
about processes that apply to structure. This represents the 
beginning of a new kind of work in cognitive psychology. These papers 
are directly concerned with semantics. This suggests that semantics 
is providing a setting for further work in cognition. The workshop 
did not produce any specific conclusions of findings. The 
interrelations between the structures and processes studied in each 
of the papers have been worked out. Each paper analyzes a limited 
range of phenomena. There is not one view which at the moment can 
cover most of the phenomena. Rather, these papers may be the basis 
for the future development of an adequate general theory of 
cognition. [Not available in hard copy due to marginal legibility of 
original document. ] (BW/ Author) 
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The notions of structure and process underlie current work in the 
cognitive sciences. In particular, the reports given at this conference 
represent detailed application of these concepts to limited areas of our 
experience. What is unique about such work, 1 think, is the extent to 
which considerations of both structure and process appear together. Up 
to recently, psychologists, anthropologists and linguists have tended to 
study one or the other. One justification for excluding one of these 
notions is that it is not important, or not relevant, or not 'real'. 

That is, the notion is not needed. A second justification is a division 
of labor argument. Given limited time, it is possible to study either 
structure or process, but not both. Nevertheless, both are relevant. 

I think that it is becoming clear that neither of these arguments is 
adequate. Not only are both structure and process important to study, 
but they cannot be studied independently without losing a great deal of 
insight. While I say that this situation is unique or new, I mean this in 

only a very local sense, that is, given the recent history of the cognitive • 
sciences. 

In this connection it is interesting to consider x*hat Alfred North 

Whitehead had to say on the subject. In Process and Reality (1929) he notes 

the saying of Heraclitus that 'all things flow' and writes "that ’all things 

flow' is the first vague generalization which the unsystematized, barely 

analyzed intuition of men has produced...’ Without doubt, if we are to go 

back to that ultimate, integral experience, unwarped by the sophistications 

of theory, that experience whose elucidation is the final aim of philosophy, 

the flux of things is one ultimate generalization around which we must 

•• 

weave our philosophical system... But there is a rival notion, antithetical 
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to the former. I cannot at the moment recall one immortal phrase which 
expresses it with the same completeness as the alternative notion has 
been rendered by Heraclitus. This other notion dwells on permanences 
of things ..." 

Whitehead considers how the two notions are expressed together in 
the lines j 

Abide with me; 

Fast falls the eventide. 

He writes "Here the first line expresses the permanences, 'abide, 'me' 
and the 'Being' addressed; and the second line sets these permanences 
amid the inescapable flux. Here at length we find formulated the complete 
problem of metaphysics. Those philosophers who start with the first line 
have given us the metaphysics of 'substance' ; and those who start with 
the second line have developed the metaphysics of 'flux.' But, in truth, 
the two lines cannot be torn apart in this way; and we find that a 
wavering balance between the two is a characteristic of the greater 
number of philosophers." 

A fundamental point here is that both structure and process are to 
be studied and that they are intimately related. Actually Whitehead 
comes down on the side of process as being more fundamental. I don't 
want to imply agreement with Whitehead's particular philosophy. The 
above quote is more or less a historical description. 

In fact, as our theories become more and more precise, it becomes 
clearer how they can fit into the mode of this kind of historical descrip- 
tion. Let me quote just one more sentence from Whitehead. He writes, 

"On the whole, the history of philosophy supports Bergson's charge that 
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human intellect 'spatializes the universe'; that is to say, that it 
tends to ignore the fluency, and to analyze the world in terms of static 
categories." One immediately thinks of multi-dimensional scaling. If we 
provide a Euclidean representation as a model of the structure of a set 
of objects to which humans respond, we have "ignored the fluency", that 
is, we haven't discussed the processes that people go through in respond- 
ing to these objects. Of course, the opposite occurs, that is, theories 
have been advanced which concentrate on process (to the exclusion of 
structure. X would argue that traditional learning theory may be 
described in this way. 

There is another distinction which correlates with the one already 
made. This involves the difference between 'natural' and 'artificial' 
structures. Anthropologists and linguists have concentrated on discovering 
natural cognitive structures and have tended to ignore process. 

Psychologists have concentrated on process, for example, memory and learn- 
ing, while dealing with artificial, laboratory-induced structure. 

Doubtless a reason for this is one of relative simplicity. If one is 
studying process, the problem is difficult enough without becoming involved 
with complicated structures. Of course, one may then pay the price of 
not being able to say much about structures that people actually use. A 
theme running through the papers at the Workshop is an attempt to study both 
natural structures and natural processes.’ 

In this report I want to discuss each of the 9 papers in order to see 

% 

how they exemplify this general notion of structure and process. In order 
to do this I will have to first give a short summary of the paper. I will 
occasionally report comments made at the Workshop but not very often. Only 
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those comments that seem to speak to general issues will be reported. 
Discussions of technical points, for example the relating of response 
time results to those obtained in other experiments, will be omitted. 

The papers will be discussed in the order in which they were presented 
at the Workshop. 

Rumelhart and Abrahamson 

i 

The paper by Rumelhart and Abrahamson, "Toward a Theory of Analogical 
Reasoning", provides a nice example of the role of the notions of struc- 
ture and process in cognitive theories. Subjects are asked to perform 
analogies on animal terms, for example, "beaver" is to "sheep" as "dog" 

is t0 > with the subject required to fill in the blink term from the 

4 alternatives given, in this case, "donkey", "camel", "elephant", and 
chimpanzee". The authors consider analogy as a kind of reasoning and 
remark that "...the theoretical problem in understanding any particular 
reasoning process becomes clear. We must (1) specify the form of the 
memory structure and then (2) determine the algorithm which is applied in 
the case of the reasoning process in question". 

It. is assumed that the memory structure for the animal terms is a 
Euclidean space, with each term represented as a point in the space. The 
specific space is 3-dimensional and is taken from Henly (1969), who 

i 

derived it by applying a multi-dimensional scaling program to judgments 
of similarity on the animal terms. Between each pair of points in this 
space there can be calculated a directed (vector) distance. It is 
assumed that for any analogy of the form A:B::C:? there is an ideal analogy 
point I such that the vector distance from C to I is the same as the vector 
distance from A to B. It is also assumed that the closer (in absolute 
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distance) an alterntive is to I, the more likely it will be chosen as 
the best analogy solution. 

Three experiments were performed to test the theory. In the first 
two, subjects did analogies on animal terms. The basic assumptions of 
the theory were confirmed, that is, the further from the ideal point an 

alternative was, the less likely it was chosen as the solution. Subjects 

i 

were also asked to rank the four alternatives. With three added assump~ 
tions, including Luce's choice rule, predictions were also made of the 
probabilities of ranking of each alternative. These predictions were also 
considered confirmed. 

In the third experiment, an attempt was made to teach concepts by 

i 

means of analogies. Thus 3 sense syllable points were chosen in the 
animal space and labeled BOF, DAX, and ZUK. Subjects were then given 
analogy problems of the form, for BOF, say, of A:B: :B0F: (X^, ..., X^) . 

The subjects guessed an answer and then were informed of the best answer 
and the rankings of all the alternatives. Following this learning, 

subjects rated (on a scale of 1 to 10) the similarity of each of the 3 new 

♦ 

"animals" to the original 30 animals and to each other. 

After the fifth trial of learning subjects responded to the analogy 
problems in a way predicted by the theory. That is, their probabilities 

i 

of ranking of the alternatives were quite similar to what the theory 

0 

would predict for animals at the points assigned the new "animals". 

The similarity ratings of the artificial animal terms also behaved as 
they should given their distances from the. other animals. Thus this 
experiment provides an illustration of concept fromation via analogical 
reasoning. 
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Discussion of Rumehart and Abrahamson's paper centered around the 
structure and process parts of the theory. It was claimed that important 
semantic relations which people use in analogies are not represented in 
the theory. D 'Andrade discussed the theory in relation to the work of 
Evans (1968) and claimed that only part of the analogical reasoning process 

was represented in Rumelhart and Abrahamson's theory. Important preliminary 

\ 

processes, such as determining features and relations between features were 
not considered in the theory. 

If we take a Euclidean space as a model of the subjects' representa- 
tion of the set of animal terms, then the subjects' solutions of analogy 

problems can be predicted. But it seems to me that this result does not 

» 

provide evidence for the proposition that an adequate model of the animal 
terms is a Euclidean space. Rather it implies that the processes of 
solving anaolgies and of making similarity judgments are closely related. 
Thus if we have information on similarity judgments (the Euclidean space 
derived from those judgments) then we can make some predictions about 
analogies. The wider the variety of tasks that can be understood by 
applying various process models to the Euclidean model of structure, then 
the more likely we are to believe that the model is a representation of 
subjects' knowledge. 

Kintsch, Miller and Hogan 

The paper by Kintsch, Miller and Hogan is a study of the relations 
between the cluster structure obtained in free recall experiments and 
that obtained in tasks which are directly dependent upon semantic organi- 
zation. Kintsch et al. call the component of memory that represents the 
meanings of words the 'lexical component of memory' and propose the 
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hypothesis that this component ' provides the basis for clustering in 
free recall'. The alternative hypothesis is that clustering in free 
recall is not related to the general memory structure. 

Three tasks were used to measure the similarity of words in long- 
term memory (that is, the lexical component). The first method was to 
ask subjects to sort words into categories on the basis of their simi- 
larity of meaning. The more often that two words occurred in the same 
pile, the more similar they were. (Two measures were obtained from this 
task, one from before and one from after "correction" of the sorting of 
the subject). The second method was to ask subjects to identify a word 
(selected by the experimenter and unknown to the subject) by asking ques- 
tions about it. The number of questions answered "yes" that are 
identical for two words provides a measure of similarity between the 
words. The third measure of semantic similarity was obtained by measuring 
the response overlap to two different words in a restricted association 
task, that is, the number of associates the two words had in common. 

These tasks were all done on the same set of 40 nouns. A free recall 
experiment was carried out on the same words. The measure of similarity 
between two words was obtained by counting how often a word was 
immediately followed by the other word in the responses of the subjects. 
This measure was obtained for both trial 1 and trial 5. 

In order to analyze the similarity of these measures, clusterings 
were produced from each of the 6 proximity matrices (2 sorting measures, 
identification task, association and trials 1 and 5 of free recall task). 

A clustering is simply a partition of the se*t of words (it is not a 
hierarchy). A measure of the similarity of two clusterings was developed 
and calculated for each of the (^) = 15 pairs of clusterings. 

10 
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In all 15 cases the value of this similarity measure between clus- 
terings was quite high. Looking at the clusterings produces the same 
result. When there is a difference between 2 clusterings it tends to 
be the case that one partition is simply finer than the other, that is, 
one of the clusterings may break a subset of words into, say, 2 clusters, 
while^ the other treats them as one cluster. This result held for all 
6 clusterings, including the 2 obtained from the free recall data. The 
conclusion is that there is much similarity between lexical organization 
and clustering in free recall. (A second experiment, similar to the 
first but using more highly structured sets of words, produced essen- 
tially the same results.) 

What are 'structure' and 'process' in this study? As the authors 
admit, they are not well specified. The 'structure' is the structure 
of the lexical component of memory but that is not given. As the authors 
write, 'Although we do not know and we do. not have a model for it, we 
can compare the output order in free recall with performance in various 
other tasks in which lexical structure may reasonably be expected to be 
a crucial factor... . Although the limitations of this empirical 
approach are obvious, it can provide evidence as to the general adequacy 
of our working hypothesis. If the structure of the output order in free 
recall does not correlate well with that obtained in the other tasks 
mentioned, the usefulness of the hypothe’sis that the output order in 
free recall reflects, inter alia , lexical structure would be questionable' 

The clusters are not a structure in the sense in which we have used 
the word 'structure' . Rather they are the' results of task-specific 
processes working on some unknown structure. The processes are also 
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unspecified. Miller (1969) has discussed some models of structure 
and process for the sorting task, and there are many models of free 
recall in the literature which, however, either do not take the 
structure of the materials into account, or assume that the structure 
is given by a numerical measure of association between 2 words. The 
problem is to develop models of lexical structure which allow process 
models to be defined on them and predictions made for both semantic 
similarity and free recall experiments. 

Wexler 

Wexler's paper is an experimental study of semantic structure. It 
is an attempt to develop a psychological theory of the representation 
of semantic features. As an experimental example, a set of 9 'have' 
or transfer' verbs was analyzed, including, for example, 'have', ’get' 
and give'. In order to determine the organization of the meaning of 
this set of verbs, a triads test was performed. 

In this test, the subject is given 3 words and asked to select the 
one which is 'most different in meaning from the other two'. 

It turns out that the results of this experiment can be predicted 
fairly well by the following model. The structural model is a tree, with 
the non-terminal nodes labeled by semantic 'features' and the terminal 
nodes representing the 9 words. The first feature is whether or not the 
.subject has the object after the action, and the second feature is 
whether the subject has the object before the action. The process model, 
which determines the choice in the triads test, applies to the tree. 

It looks for a difference in the 3 words on the first feature. If there 
is a difference a decision is made then. That is, the word which has a 
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different (from the other 2) value on that feature is selected as most 
different. If the value of the first feature is the same for all 3 
words, however, then the model goes on to the second feature in the 
tree. The process is repeated until a difference is found on some 
feature. 

i . 

t 

In addition to, predicting the triad choices, the model can be made 
to predict relative response times for triads. If we assume that each 
search of a feature takes some amount of time, then triads for which 
the process model can come to a decision after the first feature is 
searched should take less time than triads for which the model must 
search 2 features, and so on. For this particular structural model 
(tree), 3 sets of triads can be distinguished and ranked according to 
predicted response times. An experiment measuring response times was 
performed, and indeed, the predicted rank order amoung the average 
values for the 3 sets was observed. In fact, the response times appeared 

linear with respect to the depth of the feature at which a decision could 

be made, a result which would be predicted if we added the assumption 
that each feature took the same amount of time to process. 

If one now carries out the process model on a somewhat more minute 

level, that is, attempts to spell out a few of the assumed processes in 

more detail, it turns out that the tree model is not as likely as a 
lexicon model, that is, a model in which each word has stored next to it 
a list of semantic features. • The evidence for this is also in the 
response time data. Also, the data tend to rule in favor of a top-down 
rather than bottom-up model of processing the features. 
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One other experiment was performed, a triads test in which the 
items were sentences with constant frames containing the verbs rather 
than just the verbs. This experiment was done in order to compare the 
results of the analysis with the structure obtained by Bendix (1966) 
for the same set of words in frames, using a linguistic analysis. His 
structure did not do nearly so well in predicting the data as a hier- 

i 

archical structure essentially the same (but allowing for the frames) 
as the one used to predict the results for words in isolation. 

The models described in this work must meet the same objections 
that apply to most of the other models we are considering. Namely, 
they have been developed to fit a particular situation (the triads test) 
and have not yet been tested in other situations. In order to be 
considered more generally valid, process models have to be developed 
which apply to the same structure and predict what happens in the new 
experiments. One can think, for example, of obvious models which apply 
to trees to explain analogy experiments of the Rumelhart and Abrahamson 
type. But it remains to be shown whether they can do as well as Euclidean 
models . • 

A number of comments were made concerning the fact that the implica- 
tion relationships in the set of verbs were not explicated by the model. 

< 

For example, 'take' implies 'get'. In order to account for these relation- 
ships, one could construct a tree with words allowed at all the nodes, not 
just the terminal nodes. Then if A dominates B in the tree, this is to 
be interpreted as B implies A. 

A question was raised as to why the tree had to take its particular 
form. Why, for example, couldn't the first feature be whether the subject 
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had the object b efore the action and the second feature relate 
to what the state of affairs is after the action? There are 2 ways of 
answering this question. The first is that, given the process model, 
the data is predicted quite a bit better by constructing the tree as it 
has been constructed. The second answer is that, given this is tile case, 
why is it so? I can think of 2 tentative answers to this . The first 
is that ours is a materialistic culture, and we are interested mostly 
in what the state of affairs is with respect to possession now , at the 
completion of the action. A second answer, which I prefer, is that 
features are stored in the order in which they are acquired and that the 
after feature is acquired first because it is most available to the 
child at the moment that he is trying to learn the meaning of the 
word. For example, I say ’Daddy gave Mommy the book’, and the child 
sees that now Mommy has the book. In fact, a developmental experiment 
that I have done provides evidence that the features in the tree are 
learned in order, starting from the top. Lower features are learned 
later because they do not involve physical action. In developing a 

' S « 

semantically-based theory of language acquisition, Peter Culicover and 
I have had to conclude that physical action is highly salient to the 
child. 

D* Andrade 

D ’Andrade’s study was an attempt to show that a method generally 
used in psychology to study human personality is invalid because the 
method relies on human judgment from memory, which is ’subject to dis- 
tortion or bias in the direction of pre-existing cognitive structures.’ 
The general method is to have humans judge subjects on some traits and 
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then to compute correlations for all pairs of traits on these scores. 

The pattern of correlations are then analyzed to determine which traits 
go together, that is, to determine, for example, clusters of traits. 

The ingenious method used in D' Andrade's 2 analyses was to show 

that the memory-based judgments of human observers showed a pattern of 

i 

correlations among the traits that was more similar to the pattern of 
'semantic . similarity ' judgments of the names of the traits than to the 
pattern determined by judgments made by human observers which did not 
depend on memory, that is, judgments of behavior recorded as the 
behavior took place. The first analysis was based on data collected by 
Borgatta, Cottrell and Mann (1959). In that study, subjects in a class 
were brought together for 'discussion'. After 9 weeks they ranked each 
member of their group on a number of traits. During some of the sessions 
a trained observer recorded the behavior of the subjects according to 
the Bales category scheme. Six of the categories were similar to one 
of the traits used in the human rankings, and thus these 6 categories 
were analyzed. An example of a category is 'shows solidarity and 
friendliness'. Another example is 'makes the most suggestions'. 

D' Andrade performed a semantic similarity test on these (slightly 
modified) categories, asking subjects to judge the similarity of a pair 
of categories on a scale from +3 (very similar) to -3 (very dissimilar). 
For example, subjects were asked to judge the similarity of 'shows 
solidarity* and 'suggests, gives direction'. 

There are nox? 3 correlation matrices,, that is, tables ofcorrela- 
tions betx^een traits. The first is for behavior rates , as determined by 
the subjects, and the third is for semantic similarity ratings, as 
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determined by experiment. Not, in order to determine the similarity 
of these matrices, correlations betwen the entries were computed for 
each pair of matrices. The important finding is that the correlation 
between the rank judgments and the semantic similarity ratings is that 
the correlation between the rank judgments and the behavior rates. In 
other words, which traits ‘went together' in the memory-based human 
judgments did not reflect so much which traits actually went together 
in behavior (or, at least, direct observation of behavior), but reflected 
the 'pre-existing cognitive structure'. 

Other analyses were done of the same data, and a second set of 
data (Mann, 1959) was also analyzed. The basic results were the same. 

It should be noted that in this second study the observer who made the 
immediate recording of behavior also judged the subjects from memory, 
after the session. The intriguing result is that the pattern of correla- 
tions of traits of the observer's memory-based judgments was more similar 
to the pattern for semantic similarity ratings than to the pattern for 
his own immediate recording of behavior. This result provides evidence 
against the possibility that the results in the first study were found 
because the Bales categories do not mean the same thing to the observer 
as to the subjects who make the judgments. 

What can we say about structure and process in D'Andrade's study? 

i 

These aren't spelled out in the paper but we can speculate about them. 

In the first place, there is forgetting. That is subjects don't remember 
how people behaved. This is demonstrated, for example, by the fact that 
in the second study the median correlation (over categories) between 
the immediately recorded behavior and the memory-based judgments for a 
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category was lees than .36. That there really was forgetting and not 
simply failure to perceive the behavior, is indicated by the fact that 
this result is not much improved even when we consider only the memory 
based judgments of the same observer who made the immediately recorded 
behavior judgments. There are many models of forgetting, of course, 
and there really is no way of suggesting, given the current data, which 
is most appropriate. 

But as D' Andrade points out, not only is there "memory drift when 
people make ratings or rankings of other people's behavior, but . . . 
this drift is systematic, nonrandom, moving in the direction of the 
rater's conception of 'what is like what"'. (One thinks, of course, of 
the famous work of Bartlett (1932).) In other words, the memory based 
responses are heavily dependent on the similarity judgments. To account 
for this we would need a model of semantic structure which would allow 
similarity judgments to be computed from it (by a process model). One 
might think that a natural model would be something like a lexicon, 
including semantic features. D' Andrade notes that Shweder (1969) argues 
that such a model is not appropriate and that 'the basis on which the 
respondents make similarity judgments on this type is the degree to 
which attributes contiguously go together in making up a symbolic 
behavioral type , which he considers a special type of learned cultural 
. construct.' 

% 

But given the results of the present study, this is somewhat para- 
doxical. If a 'behavioral type' is a learned construct, then presumably 
it is learned from people's behavior, that is, if attributes go together 
in a person's behavior, then they will go together in the type of which 
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he is an instance, and thus the attributes will be semantically similar. 
But the results of D' Andrade's study show that it is precisely this that 
does not happen. 

A possible way out of this bind is to suppose that people have 
predispositions to form behavioral types in certain ways, and that, in 
factj those attributes which go together in people do not necessarily 
go together in the formation of a behavioral type. For example, an 
‘evaluation’ component is a strong characteristic of personality attri- 
butes. That is, people tend to consider attributes good or bad. There 
may be a tendency to include only 'good' attributes or only 'bad' attri- 
butes in a behavioral type, even though this doesn't correspond to actual 
behavior. Saints and devils are rarer than the belief in them. 

Actually there is a sense in which it may not be correct to describe 
what happens in these studies as 'forgetting.' Consider impression 
formation studies. In these experiments a subject is read a list of 
adjectives describing a person and then is asked to rate that person 

on a good-bad scale. It is well-known (Anderson, 1965; Chalmers, 1969) 

% 

that in these judgments there is a primacy effect in the order of adjec- 
tives. That is, the adjectives presented first have more of an effect 
on the evaluation judgment than do later adjectives in the sequence. 

On the other hand, it has also been shpwn that in the memory for these 
adjectives there is mostly a recency effect. That is, the last adjec- 
tives in the sequence are remembered the best. Thus although subjects 
can remember the later adjectives better than the earlier ones, they 
don't use them in forming their judgments. 
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In this light we might consider the experiments that D’Andrade 
studied to be complicated impression formation studies. We conceive of 
the subject as having an impression of each person at each time and 
this impression changing with the added behaviors that he observes. Thus 
at the end of the experiment, when he is rating the other people, the 
subject might remember certain behaviors (the later ones) better, but 
might have his judgment more influenced by the earlier behaviors. (One 
could probably study this last proposition with existing data.) In this 
sense, forgetting does not seem to be a complete description of the process. 
Geoghegan 

Geoghegan's paper is an attempt to develop a theory of "the means 
by which human beings actually produce and interpret the message forms 
appropriate to a given form of verbal behavior." The paper illustrates 
many o..' the issues and controversies current in the cognitive sciences 
and thus is perhaps worthy of a somewhat longer discussion than most 
of the other papers. The particular setting is a study of the system 
of personal address in Samal. An attempt is made to develop a theory 
which will provide a cognitive representation of part of this system. 

The bulk of the paper concerns a theory of the selection of a "name- 

type." This selection has been preceded (according to the theory) by 

a group of operations called an address form type selection routine . 

When the address form type that has been selected by this routine is 

0 

N (for name ) , then the name-selection routine is invoked to elect the 
appropriate name. This routine consists of two operations. The first, 
the name- type rule, determines the type of personal name. A second 
operation then determines the lexical realization for this rule. It 
is the name-type rule that is studied in this paper. 
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There are seven possible name-types. Three of these have realiza- 
tions as names of specific individuals . These types are represented 
as TN (true name), NN (nickname) and PN (pet name). Corresponding to 
each of these types is a proname type (labelled TN', NN 1 , and PN ' , 
respectively) whose realization does not have the form of a personal 
name. An example is glossed ’old person.' The seventh type (labelled 
T) is an 'honorific' which does not correspond to any type of personal 
name. 

1 

The problem is to determine under what cognitive conditions a given, 
name-type is used. According to theory, a "marking rule" is used to 
select the name-type. First, there is an "unmarked output," that is, 
a name that is used if none of the marking operators is applied (this 
is something like a "starting-state" in automata theory). The unmarked 
output can be either TN, NN, or PN. Which it is depends on the history 
of interaction between the addressor and addressee and is not given in 

t 

the marking rule. 

There are five "marking operators" which may apply to the unmarked 
output when the appropriate "marking cues" (attitudes, etc.) apply. 

They are a (positive affect) , a.' (negative affect) , x (anger) , d (defer- 
ence) and 5 (addressee's name not known). Each of these operators maps 
a sub-set of outputs (names) into another sub-set. For example ja 
(positive affect) will take NN into PN , -and into NN. (We have not 
listed all the mappings that a performs.) In other words, if the 
unmarked output is NN and ja applies, then the output will be PN. Like- 
wise, if the unmarked output is TN and a_ applies, then the output will 
be NN. More than one operator can apply, so that if the unmarked output 
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is NN, then if both a and apply, ja will take NN into FN and d^ will 
take PN into PN 1 , so that the output of the marking rule will be PN' . 

In short, the marking rule is an elegant theory of how various 
cognitive or emotional states determine the type of name that is used 
in an address situation. As such it is a valuable model of structure. 
What I would like to do is to discuss the status of this work as theory, 

with^ particular reference to work in related fields and to point out 

i 

that models of structure do not necessarily yield models of process. 

First, it is important to realize that the discussion that I have 
so far given of the marking rule actually does not state the entire 
theory. For there are restrictions on the combined use of marking 
operators that do not appear in that discussion. In other words, 
Geoghegan's Figure 2 does not contain the entire theory. For example, 
a and a' cannot apply together. (That is, both positive affect and 
negative affect cannot simultaneously apply.) Geoghegan discusses 
how such marking sequences can be eliminated on "structural grounds" 
(their use forms a cycle) . But, as he points out, there are other 
combinations of operators, namely a' and d, which may not simultaneously 

i " 11 

apply but which cannot be eliminated on such structural grounds. 

In order to account for these restrictions, Geoghegan lists (in 
Table 1) all 35 possible marking sequences, that is sequences of 
marking operators which it is actually permissible to apply. For 
example, a,d^a_ is a possible marking sequence, which first applies 
a, then 4 , then a. again. But note that Table 1 does not specify the 
entire theory. For example, a.,d.,ja may apply when NN_ is the unmarked 
output, yielding T as the output, but it may not apply when PN is 
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the unmarked output, for after £i applies, yielding TD, according to 
Figure 2, d^ may not apply. Thus both Figure 2 and Table 1 together 
are needed to specify the theory. 

This is unfortunate, for what appeared at first as a reasonably 
elegant and simple theory (Figure 2) now turns out to need a list of 
35 possible marking sequences to be completely specified. So one 
attempts to construct a theory of Table 1, that is, to ask if a few 
simple rules added to Figure 2 wouldn’t be sufficient. An adequate 
rule is that any marking sequence is permissible if 1) it leads (in 
Figure 2) from an unmarked output to a marked output and 2) if the 
sequence contains a or d then it cannot contain a.' or x. This rule 
produces exactly the 35 marking sequences in Table 1. It is not 
clear from Geoghegan's discussion whether Table 2 was produced from a 
rule such as this or whether it was generated directly from some kind 
of data (i.e., informant interviewing) . It . seems reasonable to conclude 
that it could not be entirely generated by data, because there seems to 
be nothing (at first sight, at any rate) in an elicitation technique 
which would correspond to the order of the operators in the marking 
sequence. Thus, for example, both a_,_n and n,a. are permissible 
marking sequences. This follows from the rule that has just been 
stated, but was there anything in the informant interviewing that 
would show this? 

% 

At this point it becomes relevant to ask, what kind of a theory 
is this "theory or marking rules?" In particular, to what extent is 
Geoghagan justified in calling the theory an "information processing 
(IP) routine?" To my mind, the answer to this question is, not at all. 
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A marking rule is no more an information processing routine for the 
encoding of address forms than a rule of grammar is an information 
processing routine for the encoding of sentences . 

What is an information processing routine? It is a model which 
is supposed to represent the actual processes (at some level of 
abstractness) that a person goes through when he is performing some 
cognitive operation. In some jways the course of temporal events in 
the model (IP routine) is supposed to correspond to (be isomorphic to) 
the course of temporal events that is happening to the subject. Thus, 
for example, in the Newell and Simon (1963) GPS model, if the 



model formulates a sub-goal, this is intended to represent a human’s 

forming of a sub-goal. I think that a survey of other theories that 

have been called information processing theories would find that this 

condition (isomorphism betv/een human and model processing) was a 

condition that the authors intended to meet. 

Now, to what extent is this condition true of the marking rule 

theory? Looking at Figure 2, one at first senses that here we have just 

such a theory. The seven outputs can be considered to be changes in 

states that take place over time. And in fact Geoghegan writes as 

if this is the case. For example, he writes: 

Suppose, for example, that Ego were to take NN as the 
unmarked output for a particular address situation. If 
he wanted to encode none of the cues available at this 



point in the process (those associated with the operators 
^,a^’ ,n,jd, and x ) , then NN would remain in effect as the 
final output, and application of the rule would cease. 

If he wanted to encode one of the ’positive affect’ cues, 
on the other hand, use of the operator a would occasion 
a shift in effective output from NN to PN (see Figure 2). 
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That this is true for linguistic theories of competence (that is, 
grammars) is, by now, well known. This is so not only in principle, 
but in fact. See Watt (1970) for an incisive critique and many 
references. It seems to be the case that sentences which are simple 
from a linguistic point of view are not simple from a psychological 
point of view. Of course, if your grammar is a model of competence 

rather than performance, then there is no reason that it should 

! 

correspond to performance. 

The reason that we have spent some time discussing the status of 
marking rules as theory lies in our search for structure and process. 

At first sight the existence of structure and process in this theory 
seem obvious, namely, Figure 2 with auxilliary assumptions represents 
both. But further consideration leads to the conclusion that the 
process model, if any, incorporated into this theory, is different 
in kind from most of the other processes discussed at the conference. 

It seems unlikely that people produce sentences by first dividing 
a notion S into a noun phrase followed by a verb phrase. Likewise 
it seems unlikely that people choose their forms of address in a manner 
indicated by the marking rule theory. 

Geoghegan’s work is a valuable description of the conditions under 
which various name-types are used. The above remarks are made simply 
to point out that by describing such conditions one does not automati- 
cally describe human processes. 



In his paper Clark investigates how people understand negation, 
•th * h of the work depends on the detailed specification of a 



Clark 
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process model, descriptions of structures on which the process model 
operates are also necessary. To get a feel for how the proposed 
process works, perhaps it is best to take an example which is 
slightly unnatural, that is, an example in which we can perhaps 
notice that we are calculating. Suppose I said, "John is not 
unreliable." Tc understand this sentence, I first note that unreliable 
means "not reliable" and then, because the "not" negates the sentence, 
the entire sentence means something like "John is reliable" (or 
perhaps "John is sort of reliable"). In other words, negative elements 
are processed serially, with each negative encountered changing the 
meaning of the core (non-negative) part of the sentence. 

We will discuss the model for the comprehension of negatives 
with the follottfing experiment in mind. A subject is presented a 
display containing a sentence and a picture and has to decide whether 
the sentence is true or false of the picture, pressing one button for 
"true" and another for "false." The time is recorded from when the 
display was presented until their response is made. The model attempts 
to account for these "verification latencies." 

The pictures in the display contain, for example, a star above 
a plus, or a plus above a star. The sentence for this picture might 
be The star is above the plus , or The star isn’t above the plus . The 
model proposes that in Stage 1, the subject represents the first 
sentence (using A and B appropriately) as (A above B) and the second 
sentence as (false (A above B)). If we assume that A is above B in 
the picture, then the first sentence is a True Positive and the second 
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is a False Negative. Similarly, the False Positive is represented as 
(B above A) and the True Negative as (false (B above A)). Thus, by 
a representational process, the subject arrives at a structure for 
the sentence. The next process (Stage 2) represents the picture as 
(A above B) . 

Stage 3 compares the representations of sentence and picture 
obtained in the first 2 stages and calculates a truth index . This 
index starts out with the value true in it, and the value changes 
whenever a mismatch occurs between the sentence and picture representa- 
tions. In Stage 4 the subject responds with the final value of the 
index calculated in Stage 3. 

The Stage 3 comparison process works by comparing first the 
embedded strings of sentence and picture, changing the truth value 
if they do not match. It then compares the embedding strings of 
sentence and picture, once again changing the truth value if they 
don't match. 

By making a few assumptions about the times needed to complete 
each of the processes, Clark predicts the verification latencies in 
this experiment quite well. The details are too complex to go into 
here, and the paper makes a number of important points. Among these 
are the claim that 'negation is fundamentally a semantic notion' and 
that presupposition and scope of negation play a role in the process 
of comprehension of negatives . 

To summarize, the structural model is a representation of senten- 
ces (and of pictures) which contains 'embedded' and 'embedding' strings. 
The process model is given as a branching diagram or flow-chart which 
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calculates a 'true’ or 'false' response depending on the structure of 
the sentence and picture. 

I think it is worth pointing out that Clark's study is the only 
one in this collection to construct process models which analyze units 
larger than a word (Crothers analyzes the structure o f paragraphs) . 

In proposing precise models of how not combines with other words to 
form (compounded meanings, Clark goes beyond most of the work in the 

i 

i 

field. 

Crothers 

Crothers' paper is an attempt to find ways of characterizing the 
semantic structure of paragraphs. The system that is used defines 
itself by its details, and thus it would be impractical to try to 
explicate too much of that system here. Rather, I will for the most 
part content myself with a description of the kind of thing that it 
is, and the kinds of things that it isn't. 

First, it is a model of structure , and, as such, is independent 
of any particular process or experiment. Thus it is not a model of 
comprehension or memory. Rather, according to Crothers, a model of 
structure should be developed prior to any such model of process. 

Thus, in terms of the well-known distinction, the structural model 
is a model of competence, rather than one of performance. 

i 

Crothers' approach is to analyze a paragraph so as to exhibit 
the intuitive semantic relationships. He does not start with a 
semantic theory, but rather invents elements as needed to satisfy his 
intuition. Crothers calls this method ’inductive generalization.' 
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Of course, it is well known that proper induction demands more than 
simply the noting of a feature in a particular observation and then 
stating that this feature is true in the general case. • For there will 
•always be features true of any particular situation that do not 
generalize. Rather, as Peirce (1957) pointed out, one must state 
what one expects to find before the observation is made. If, as more 
and more paragraphs are analyzed, new elements keep appearing, then 

i 

i 

this difficulty will apply, and the method of inductive generalization 
won’t work. But suppose, on the other hand, that after the analysis 
of a number of paragraphs, a stock of elements has been built up and 
these elements are then sufficient to explicate all paragraphs that 
follow. In this case the method of induction has been properly applied. 

Crothers analyzes 3 paragraphs in this paper. Each analysis 
introduces new elements into the theory. Thus there is no inductive 
evidence that a correct theory has been found. Of course, as Crothers 
states, this is the beginning of work on paragraph structure and only 
by working through a number, of examples can one hope to arrive at a 
general theory. Thus only the future will tell whether the approach 
is successful. At the point when new elements do not have to be 
invented for each new paragraph, an adequate theory will exist. 

i 

On the other hand, one might take a different approach. He could 
say that the theory does not consist of -all the detailed elements. 

Rather, the hypothesized structure of the paragraph constitutes the 
theory and thus is the subject of the inductive generalization. The 
theory then would be something like the structure of paragraphs may be 
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represented as a network . But at this point the theory is almost 
vacuous since networks are a powerful means of representation and 
could represent many different proposals. The reasoning is similar 
to Chomsky’s (1970) argument against Lakoff’s (1969a, b) position on 
generative semantics . Lalcoff claims that semantic representations 
are, in fact, syntactic phrase-markers, and thus no rules of inter- 

i 

pretation are needed for semantics, that is, no rules to map from the 
phrase -markers into semantic representations. Chomsky argues that 

. virtually any proposal that has been made concerning semantic 
representation can, in equally uninteresting ways, be reformulated so 
as to use phrase markers for semantic representation .... It is 
difficult to imagine any coherent characterization of semantic content 
that cannot be translated into some 'canonical notation' modeled on 
familiar logics . . .". Since networks are graphs and thus contain 
trees as a sub -set and since phrase-markers are trees, it follows that 
networks are more powerful than phrase-markers. Thus the above argument 
follows even more strongly for networks. Saying that a network is 
the proper representation for semantics is not saying very much. 

Thus the detailed .elements must be part of the theory and confirmation 
awaits the analysis of future examples. 

Here I will just briefly review Crothers' method for analysis 
of paragraphs. First, each sentence is decomposed into 'basic senten- 
ces.' For example, the sentence 'steel is made by combining iron and 
carbon' is broken down into the 2 basic sentences 'steel is made' and 
'iron and carbon are combined.' 
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The second step is to establish a ’semantic hierarchy' on the 
basic sentences. The semantic hierarchy depends on knowledge of the 
language but is almost independent of the particular paragraph. That 
is, the paragraph determines the set of basic sentences, but once that 
is given, the semantic hierarchy is set. The hierarchy is determined 
by implication and implication-like relationships. Thus, for example, 
'The (writing instrument was lost' dominates 'The pen was lost.' 

The final step in the analysis is to determine the 'fundamental 
structure' of the paragraph. The nodes from the semantic hierarchy 
are still there but there are many more nodes and connections made 
between nodes . These connections depend on the paragraph and thus 
are not facts of general knowledge as is the case with the original 
semantic hierarchy connections . The connections are labelled, each 
label corresponding to a logical relationship. For example, one 
label is 'OR. ' Also, correspondences between nodes have to be enumera- 
ted. This is done in a straight-f orward manner which is not part of 
the network formalism, but it could be, as it was in an earlier version 
of the paper. 

This description of (brothers' method is, of course, far too sketchy 
to give the reader an understanding of it. But the method is best 
described by examples, and thus the paper should be worked through. 
Crothers gives many examples and, although the system is somewhat 
complex, the writing is clear. One point that should be kept in mind 
was stated above, namely the difference between the semantic hierarchy 
and the fundamental structure. The hierarchy represents known 
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implication relationships and does not depend on the facts stated in 
the paragraph. The fundamental structure, on the other hand, does 
state relationships expressed in the paragraph. 



Of course the above procedure is not formalized to the point where 
explicit rules can be given so that the result can be automatically 
generated. But, as, Crothers points out, if we want to study psychologi- 
cal processes that depend upon the structure of text, then we need some 
way to calculate that structure and human intuition is by far the 
best method available at this time. Crothers' method may be taken in 
this spirit as a guide to intuition and a s tandardization of its results 



One question that we may ask is, why choose the network formalism 



for the semantic representation? An answer is that this formalism is 
familiar from existing work. For example Quillian's (1968) program 
has the same structure, namely nodes with labelled connections (represent 



ing relations) between them. 

There appear to be other equivalent inodes of representation, 
however. For example, can the predicate calculus express the same 
relationships? Here is Crother's sub-graph (5). 

A. is s teel— — r 1 






— IS-, 



B. 



C. 



has properties — 
is made 



•IS-J 



• — WHY 



E. 



is alloy— 



— IS- 



It appears that the following predicate calculus formula is in some sense 
equivalent (where 'MY' is a 2-place predicate, 'ALLOY' is a 1-place 
predicate, and 'HAS PROPERTIES AND IS MADE' is a 1-place predicate): 

WHY (ALLOY (steel), HAS PROPERTIES AND IS MADE (steel)). 
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A translation of this formula might be, 'Steel has properties and is 
made because steel is an alloy.' Of course, this is the 'higher' 
predicate calculus, that .is predicates may be arguments of other 
predicates. But it is well known that this is necessary for an 
adequate description of English. (For a philosophical treatment, 
see Reichenbacii (1947) and for a linguistic approach see Weinreich 



(1965)). 

One argument that might support the use of the network notation 
instead of a predicate calculus formulation is that the network makes 
clear such concepts as 'cycles' and 'paths.' Thus it might be more 
natural for psychological work than the logical notation, whose formulas 
do not so readily yield their structure. 

Burton and Nerlove 

Burton and Nerlove 's paper is unlike the others in that it is 
primarily methodological. The problem they confront is that of doing 
a triads test of judged similarity . (A triads test here is one in 
which a subject is asked to select the one item of 3 presented that 

i 

% 

is most different from the other 2) . When the number of items becomes 
large, then the number of different triads becomes so large that it is 
impractical to test all the triads. 

The solution that Burton and Nerlove present for this problem 
is the recommendation to do a 'balanced incomplete block design.' 

This is a desi gn in which a subse t of the triads is chosen so that each 

pair of items appears in exactly A triads. For small \ this / j 

ican greatly reduce the number^ of triads. There is no algorithm known j 



i 



32 



for generating such designs in general. Burton and Nerlove offer 
solutions for a number of special cases. 



In order to test how adequately the balanced incomplete block 
designs do in capturing the structure obtained from a complete triads 
test, a set of triads data on vegetable terms was collected. In 
addition to a complete triads test, various incomplete balanced 



block designs were run. Random subsets of triads were also tested. 
The data from each of these tests \*ere analyzed by a multi- 



dimensional scaling program. The point was to see how similar were the 
pictures obtained, on the one hand from the complete design, and on 



the other, from the incomplete design. In order to do this, rank-order 
correlations on the interpoint distances were computed between the 
complete test and each of the other designs. 

One result was that each of the incomplete balanced block designs 
had a higher correlation with the complete test than did the random 
subset of the same number of triads. In other t*ords, block designs 
produce results more similar to complete designs than do random 
subsets. A second result is that, as X increases, so do the correla- 
tions. In other words, increasing the number of triads helps. A 
third result is that for values of X greater than 1, incomplete 
designs do quite well. A second experiment, on kinship terms, also 
supported these results. 




The general method employed by Burton and Nerlove is applicable 

to any scheme of analysis of triads which first reduces the data to 




a similarity measure. Thus, for example, hierarchical models can be 
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studied by putting the data through a Johnson (1967) cluster analysis, 
and comparing the incomplete and complete designs. However, if the data 
are to be analyzed by a method which works directly on the triads, then 
these designs might not be applicable. j 

Greeno 

Greeno's paper; contains a report of 3 studies which deal 'with 
some aspect of the process by which a subject uses relationships between 
elements of his cognitive structure.' The studies aren't integrated by 
a coherent theory, but were designed to acquire information which might 
lead toward such a theory. As such, it is perhaps most appropriate 
to deal with each experiment on its own terms. 

The first experiment v?as designed to study a problem which 
involved transformation of information but did not involve calculation 
of an answer (in the usual sense). One group of subjects (the concep- 
tual group) first memorized 4 formulas, for example 'driving time * 
arrival time — leaving time' or 'distance = driving time x average 
speed.' Then (the main task), the subject was asked to determine 
whether the value of a given variable could be determined if he were 
given values of certain other variables. An example is 

Arrival time gas used, gas mileage, average speed, leaving time. 

In this problem the subject had to decide whether he could calculate 
arrival time given the other 4 variables. The second (nonconceptual) 
group had the identical task except that instead of concepts like 
'driving time' being used in the materials, letters were substituted. 

Thus a formula they would memorize would be V « F - L. Their problems 
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would also be stated in terms of letters, for example 

F— G,M,A,L, 

meaning, can F be calculated if G,M,A, and L are given? 

Response times were measured for each of the problems and results 
were as expected. The more variables given the longer the response time. 
Also, the conceptual group had shorter response times than the non- 
conceptual group. An interesting result was that problems with posi- 

I 

tive answers took about the same time for both groups of subjects, 
but problems with negative answers took much more time for the non- 
conceptual group than for the conceptual group. 

These results lead Greeno to speculation concerning models for 
structure and process. First consider the conceptual subject. He 
might have list structures of the form V,F~1 or D,V*A . To answer 
a problem he would apply a sequential decision process, corresponding 
to a decision tree. The important point is that in order to come up 
with a negative answer all the possibilities have to be exhausted. 

Thus negative answers would take longer than positive ones, which 
conforms to the experimental result for nonconceptual problems. 

For conceptual problems Greeno suggests that the structure be 
considered (instead of a list) a 'relational net' with the concepts 
represented by arcs and the relations or operators represented by 
nodes. The notion here seems to be that the concepts are integrated 
in one network. Instead of appearing independently in a number of 
different formulas, each concept appears once and is related through 
the net to all other concepts. • 
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A positive answer can be given by following a process which finds 
paths through the network. Although Greeno does not specify how the 
model decides on a negative answer, he intuitively feels that the 
difference in response times for positive and negative answers based 
on the relational network would be much smaller than the difference 
based on the decision tree. 

I 

Passing by Greeno's second study (on learning to apply the binomial 
formula), we will briefly discuss his third experiment, which studied 
processes of deductive reasoning. The method was to give a subject a 
premise and a 'conclusion.' The subject had to decide whether the 
conclusion followed from the premise, whether the negation of the con- 
clusion followed from the premise or whether neither the negation nor 
the conclusion followed from the premise. 

In this way Greeno discovered that many of the rules of formal 
logic are not followed. One example should suffice, especially since 
it is a problem that has occurred in countless introductory logic 
classes. The rules of material implication state that 'not p' implies 
'if p, then q.' Subjects will not accept this implication. 

Greeno's conclusions are that subjects judge the derivations as if 
they were interpreting real events. For example, he writes, "'if, then' 
statements are usually intended to describe conditions in which the 
antecedent applies. Since this is the usual interpretation of the 
sentences it is counterintuitive for a subject to deduce an 'if, then* 
statement from the negation of its antecedent." 

* . 

Greeno points out the importance of the study of cases such as 
this, that is, where what is important is 'the criterion of usefulness 
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in interpreting events that occur.' Note that this is not only a matter 
of considering semantics in addition to syntax, for the subject 
'inconsistencies' will still be there when semantical considerations 
are added. That is, adding a semantic model to a logical system does 
not make the derivations non-logical. But there is now some socio- 
linguistic work which speaks to this general question. I am thinking, 
for example, of Sacks' (1972) studies of conversation, in which this 
notion of processes used by speakers is studied. Of course, Ludwig 
Wittgenstein also had much to say concerning this issue. 

General Discussion and Summary 

What sort of picture of human cognition emerges from the groups 
of papers discussed here? The first answer is that both structure and 
process are essential elements of cognition, and that they are not 
independent, but rather, intimately related. All the papers may be 
interpreted as talking about processes that apply to structure. On 
the other hand, this framework may be still too simple. The inter- 
relations between process and structure may be quite a bit more complex 
than the 'structure precedes process' viewpoint taken here. It is 
possible that often structures will have to be considered as arriving 
from processes. To take one example, Clark's representation of the 
structure of negative sentences would of course have to be arrived 
, at by a process, starting, presumably, with the surface form of the 
sentence. Of course, this surface sentence would itself be represen- 
ted by a structure. Thus we might expect complicated relations of 
structure aud process to be necessary in our models. 
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The second reply to the question about a general view of human 

cognition is that, unfortunately-, -.aside from the very abstract level 

of structure and process, one can't be determined. The interrelations 

between the structures and processes studied in each of the papers 
* 

have not been worked out. Each paper analyzes a limited range of 
phenomena. A number of different kinds of structures are proposed, 
for example, Euclidean spaces, lists, trees and networks. There is 
not one view which at the moment can cover most of the phenomena. 

There is one other integrating idea, perhaps as general as 
structure and process, which is beginning to appear in this work. 

This is an acknowledgment of the relational character of knowledge, 
and the development of ways to study that knowledge. While the 
collection of papers presented at this conference represents a 
beginning of a new kind of work in cognitive psychology, it also in 
some ways represents an end, in fact, an end of innocence. Consider, 
for example, the paper by Rumelhart and Abrahamson. Words have 
been scaled into multidimensional space, and analogies solved in that 
space. There is no acknowledgment of the relational character of 
many words. Of course, the paper deals only with nouns, most of which 
ma y be considered non-relational. But that, too, is symptomatic. If 
one concentrates on nouns, relational aspects of meaning may be mini- 
mized. Perhaps the reason that psychologists have turned to nouns 
when they want to study linguistic materials is to be found in the 
difficulty of dealing with relations. But many of the papers under 
discussion deal with relations. 
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Of course, linguists, anthropologists, and, especially philoso- 
phers and logicians have long recognized the central role that 
relations play in language (though even in anthropology the relational 
aspect of kinship terms has not always been recognized). (In fact, 
Filmore’s work on underlying semantic relations was often mentioned 
in the discussions.) That in fact an end of innocence is here is 
clear from a consideration of more recent papers by Rumelhart, Lindsay 
and Norman (1970) and Kintsch (1971). In these papers, not only is 
the relational character of knowledge acknowledged, but it is 
systematically analyzed, drawing heavily upon the classical logical 
notions. Although the great bulk of psychologists still go about 
their business not caring about these elementary distinctions, it is 
clear that these papers (and others) will be quite influential and 
that non-relational objects have had their day (and say). 

Another observation is the great concern with semantics. All of 
the papers considered here (with the possible exceptions of Greeno’s 
and Geoghegan’s which might, using the usual unclear distinction, be 
classified as ’pragmatic’) are directly concerned with semantics. 
Semantics is providing a setting for much of the work in cognition. 

Work in human cognition is proceeding, and while we do not yet 
have anything like an adequate general theory of cognition (or seman- 
tics, for that matter), we can hold out hope that the future will 
provide greater insights. 
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U>m o^it <»»«» 
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ff.?aiidtoi^;Visv (a ferric) .Tad increased the distance fraa CTafc.drethax' to 



b >:<■; ~h or- (a lsals). 
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wvn .being placed with rdc.cc-, 'jffce distance «o»yun cle ia thirty- -a inth largest 
in X =■ 3, but seventieth largest in ,\= X. Another such triad ie nephew.. 
father s son which will alec cause reciprocity to be overridden in favor of 
the direct --collateral dimension. The relative distaiioca are 
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Moth distaacos r-to greater in. A « 1. Thug the prediction about 
i a confirmed* bat it is not giraply the case th-st this tried is solely respon- 



sible. 



69 



FILMED FROM BEST AVAILABLE COPY 



( 



( 



i C 



o 

ERIC 



f, r 
, •) 



Vh... : ’i •£.** i'X: \ « i .‘Xrc ci’fvv: n ?.y 



4 . 



(" ;; T:C‘ Fi gl^V-V •?> AS)- ‘0 -2 'm&.fy* :.Y.V .VI* 

’.vtt- - fc\* J./..V.V '.I': ;;.'t V; ..'Vi' ir-’C: df i 2. I'O v hi\ii 



?. ovi «."• ?. v v , \ m *■ xl'-j in t'i • a 



1 1 ,i r.vv.vjcl vvstho* than the 



o • v y ? v; 

rh.C.v’t div^i.rvi, Tbe TOKOC'l pri-r-fti-.a &?'*:■* s latent vor-t y.n:.;/.yr:;,s bets>s.'u 
}•)?>*• r'.vii Vi-:*' - : u'^tidr:. uoaicvat this iy:XA~nt?.-c 



*.-•> ' •» i - 



Xat-ntf :>wi f t aAuewfcu w;c 1.^::^ thr*:» th& one Sfoif t:;o gw.*:-'?: 



tiun ti.'.v-v;:-. The oiiAv <5v>*::; k, *tf.CbX* dixlizz-V, i':0 hot tret/; tblr* vo Slid 



vh. SHtfw.lt. for. 8 A - 3 £c ths gr.Kfcpa?£cc ciuavj’ou i« rvarS quit* £»$ 
lil.scr*. Krj v ;ev.-r, ef i.lv:? pwoblcns which oidaSrcd with the X ~ 1 scaling 



At-u? bean t*olvc 



Oiscissi oiu aud ••</ 



The pvspcea oi" this psp*.v h-ia b*.cr> to investigate wayo to rsduce 
c.xp srris’sz- ?:&X labor? with the* triad si test £o>? judged oinsilarity. la order to 
«Nr^>Xrifta this iuvestig&tioa it hsa been sctceeadz-y to wake hypotheses about 
the proscssets ittYolrsd in the triads tost- Those hypothoacsr? fritter .veto oux 1 
conclusions about the uses of balanced iuco::up.la[;e block deuigna to reduce 



the Burch^r of triads dot? test. 



Z» both cH o*‘£p aHpsri ntofttOs the dosigas &*» A * 2 had a satisfactory 
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,:-hei>eas the doeijpriS fez* A * i diet not. This judgment 
is bf,ssd cn tvro kinca of ovidenos- Fizst, thev’o t?as a rnrhstcntiaX inepoaoe 
in reuiv. correlations batwsaa the tiro cases. Secondly, '.he output covrf:lgu*oa- 
t ion for- A - ? •’looked" substaatially the saws as the co:tfigta\et.lori fa::* all 
Iliads (vegetables) or as the thooraticaX atr-ucturo (kinship ) , Khereas some 
(vegetables) on all (kinship) of the A » 1 cori figux'at ions had aigaificaict 
daparturas fxorn those laodoiu. The two otperiffisnt.s provide empirical 
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Ti:’:o then siinp.lo cjaavs#!® of « cluster of thx-se items. With A * 1* 
support; tfc.o three items comprise a triad. Then .In the A = .1 ccnf agination , 
th ; £t cluster will blow up. However t for A •“ 2 thorc nnyf be another ti'.lad 
for eritjh of the pairs of it era o in the cluster which co ntraata that pair to 
soao external. elewent . Those t-u'-es other triads will partially compensate 
for the distort.lruj affects of the? first triad* so that thorn will be much 
loss distortion in the ccuf i gurovt i on for A « ?„ In the eases for which 
this happened with the vegetables * the distortion for A = 2 vao negJJ.gr.b.l<3 » 
Suppose that clusters had foor tt;->robsra rather than three, "aov exawple 
suppose tli® four alemsttts, A,JJ s C a and .0 had a tamo spatial relationship aa 
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How we understand negation - * - 
Herbert 11. Clark 
Stanford University 

Negation is one of tha most basic conceptual devices of language. It is 
so fundamental, in fact, that it is difficult to imagine either a natural or 
an artificial language that could exist without it. The uses of negation are 
numerous, the most obvious of which is in denials. Very often we know only 
enough about an event to be able to say what it is not; for example, we say 
John isn't at home because we cannot say for certain where John is — we only 
know where he is not. But another less obvious use of negation is in defin- 
itions of words. For example, forget means not remember ; out means, not in ; 
unhappy means approximately not happy : and so on. If we broaden the definition 
of negation, however, negation can be found in many facets of human cognition. 
Indeed, the main aim of the present paper is to convince the reader that the 
study of negation and its comprehension has led to some fundamental insights 
not only into how people understand language, but also into how people think. 
More concretely, what I hope to do is demonstrate that negation can be treated 
in a unitary fashion despite its diverse guises in language and cognition. 

Before continuing, I must list some of the different types of negation 
that we will be studying. The most obvious type, of course, is negation 
specified by a negative particle, as in Johr. inn't at home » Not everyone likes 
to eat courgettes. Rodhri ha3 never seen Hadrian’s Wall , and so on. But 
English contains other subtler type3 of negation, as in Hardly anybody eats 
rutabagas anymore. Few people here understand Sioux , Melanie forgot her sus- 

t l 

Penders . and so on. The negation here is found in hardl y (an "adverb”), few 
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(a quantifier), and forgot (a verb). Even less obvious are the negatives 
implicit in absent , from , out , and the like, and, if it can even be called 
negation, the semantic markedness of such adjectives as small , short . shallow , 
and sad and of such prepositions as below , behind , and down . The first problem, 
then, is to find one conceptualization of negation that will fit all these 
cases, and the second is to construct a theory of comprehension that will 
account for all of them at the same time. 

The number of psychological studies of negation is remarkably large. 
Nevertheless, their results have never been as clear cut as one would like. 
Beginning with the pioneering studies by Was on (1959, 1961, 1965; Was on & 

Jones, 1963), many psychologists have come up with one principal finding: 
negation is more difficult to comprehend than affirmation. But beyond this 
finding, the studies (to be reviewed later) have varied widely in their 
results . Some verification studies, for example , have found that negative 
sentences that are true can be verified faster than false ones, whereas other 
studies have found just the reverse. Also, some studies have shown negatives 
to be very much harder than affirmatives to comprehend, whereas others have 
found negatives to be only slightly harder than affirmatives. So the immedi- 
ate problem arises as to how to reconcile all these and other conflicting 
results on the comprehension of negation. 

The thesis of the present paper is just this: The comprehension of all 

forms of negation can be accounted for by a single unified model of compre- 
hension— a model I will call the "true” model of negation. ("True" here should 
not be construed as a claim about the ultimate correctness of the model; 
rather, the "true" model will be later contrasted with a "conversion" model 
of negation, which in truth is a dishonest way of comprehending negation.) 
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I will show that the ’’true" model, when fully specified, accounts for moat 
of the conflicts in the previous results and can be generalized to account 
for other types of linguistic and perceptual comprehension as well. The 
true model Itself, however, is built up on two more basic concepts* (1) 
the semantic notion of presupposition; and (2) the processing notion of 
congruence. So the plan of the present paper is as follows. First, I will 
try to characterize the various types of linguistic negation and the role 
presupposition and other semantic notions play in these types. Second, I 
will present the "true" method of negation, showing how it relies heavily on 
a principle of congruence. Third, I will then review the previous ttudies 
of negation, including several studies by myself, a colleague, and several 
students that are not yet published. And finally, I will summarize several 
hypotheses about comprehensic and cognition more generally— that are sug- 
gested by the study of negation. 

types of negation 

The sentence B urton isn't at home denies that Burton is at home. When 
would it be appropriate to make such a denial? If I thought that you had 
expected Burton to be home, or had said so, or had implied so in what you 
had just said, I would be very likely to say Burton isn't at home . Note that 
it seems appropriate to say I know you think Burton is at home, but he isn't 
a t _ home , but quite inappropriate to say I know you think Burton is at school . 
bu t J Bur ton isn't at home . These and many other linguistic examples show that 
a speaker makes an assumption about the beliefs (or apparent beliefs) of his 
listener whenever he utters a denial. Specifically, he assumes that the lis- 
tener does or could well believe in the truth of what is being denied. In 
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saying Burton isn't at home ,, the speaker assumes for some reason that the 
listener believes that Burton is or might be at home. As Wason (1965) pointed 
out > The whale isn’t a fish is a plausible negative since it is reasonable to 
assume that a listener might think that whales are fish; but The whale isn't 
a_bird, though true, sounds highly incongruous, for who could ever believe 
that a whale is a bird. 

All this discussion is pertinent to what people come to know from 
listening to a negative sentence. This immediate knowledge apparently falls 
roughly into two parts. First, the listener-comp rehender knows what the 
speaker thinks the listener's beliefs are. That is, the listener knows what 
will be called the presupposition of the sentence. Second, the listener 
knows what the speaker is asserting to be true. He knows what will be called 
the assertion of the sentence. In illustration, Burton isn't at home expresses 
a presupposition and an assertion. The presupposition is that the speaker 
supposes that the listener believes that Burton is or might be at home, and 
the assertion is that that belief is false. We might present what a person 

has understood of sentence (la), then, approximately as in (lb), the paraphrase 
of which is given in (lc): 

(1) a. Burton isn't at home. 

% 

b. (false (suppose (Burton at home))) 

c. It is false (for the listener) to suppose that Burton 

is at home. 

I should point out that this notation is similar in many respects to 
linguistic notation, and purposely so. First of all. Burton isn't at home 
i® 80 e ®bedded structure. The proposition Burton is at home is embedded in 
another proposition that denies its truth, forming something that could be 
paraphrased as That Burton is at home is false *, this is approximately the way 
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the linguist would represent the negative (cf., e.g., McCawley, 1968). But 
what I have added to the notation is the notion of presupposition— what the 
listener is presupposing in uttering the denial. As we will see, it is this 
added notion of presupposition that is critical for differentiating the various 
types of negation and how they are comprehended. 

Four classes of negation 

We can, of course, ask the same question of all the other types of 
negation: What is it that people know of the meaning of a sentence once 
they have ’'comprehended’' it? Since this step will be crucial to the "true" 
model of negation, it is necessary for us to agree on a representation for 
the various types of negation and to understand how these representations 
differ from each other. The most convenient way I have found for distinguish- 
ing the various types of negation from each other is to use two contrasts. 

First, negatives differ as to whether they apply to full propositions or to 
quantifiers. For example, absent is the negative of present and somehow 
implies a complete denial of the presence of something; on the other hand, 
few is the negative counterpart of many , yet few does not imply a complete 
denial of the presence of the number indicated by many . And second, negatives 
differ as to whether they are "explicit" or "implicit.'* Not present is an 
explicit negative, whereas its near synonym absent is an implicit negative. 

I will first discuss these two criteria and then detail the four categories 
that are formed by these two two-way distinctions. 

Explicit vs implicit negation . Klima (1964) has pointed out that what I 
will call "explicit*' negatives have several important syntactic consequences. 

Two such consequences are any- acceotance and either-con junction. Sentences 
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that contain an explicit negative arc always able to accept the quantifier any 
in place of some . Consider the difference between not preoent . which is 
explicit, and absent , which ic implicit, as shown in (2): 

(2) a. John hasn’t been present at any parties this month, 
b. *John has been absent at any parties this month. 

Though John isn f t present and John is absent refer to the same situation, they 
differ in whether they accept any . Likewise, a sentence that contains an 
explicit negative always takes either , not too , as a final particle when it 
is the second of two conjoined sentences. Thus, in (3) and (4): 

(3) a. *Max wasn’t there and Minnie wasn’t present too. 
b. M3x wasn’t there and Minnie wasn’t present either. 

(4) a. Max wasn’t there and Minnie was absent too. 

b. *Max wasn't there and Minnie was absent either. 
not present in the second of two conjoined clauses is tagged with either , 
whereas absent in the identical circumstances must be tagged instead with too 
indicating a positive second clause. So these two criteria — any- accept an ce 
and either-conj unction — will serve to differentiate explicit from implicit 
negation on formal grounds. We will also have need to differentiate them on 
more specific semantic grounds. 

Full vs quantifier nag&tion . This distinction has a less formal basis 
than the explicit-implicit distinction. 7.t might best be characterized as 
a difference between negation on dimensions with just two values, and negation 
on dimensions that have more than two values or are continuous. Present- 
absent , for example, is a positive-negative pa;r which defines the two values 
of the dimens5.cn (presence) that underlies it. In contrast, many-few is a 

i 

pair which defines only two points on a quantified dimension of numerosity. 
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The explicit not is almost always a full negative, as far as I can tell, 
although not all explicit negatives are full, as we shall see. Perhaps the 
distinction that I am trying to make here will become clearer in the examples 
that follow. 

1« Explicit full negation . This is the category of negation that is 
most commonly called negation. It includes sentence negation (Mort isn't 
at home) , word negation (The car is polka-dotted, not striped ) , certain 

m 

negative words (John forgot to bring any candy along) . and so on. Little 
more needs to be said about this category. 

2. Explicit quantifier negation . There are many examples of words that 
accept any and either, yet are not one of the commonly accepted negative 
particles. Few, for example, accepts any (Few people ate any of the avocados) 
and either ( Ho men sang and few women sang either) ; hardly any and scarcely 
any have the same properties. The problem here, though, is how to represent ' 
adequately what people understand these explicit quantifier negatives to mean. 
Consider the sentence Few women sang . This sentence would be used in order to 
deny the supposition that the women that sang were many. That is, it might be 
represented by the notation in (5): 

(5) a. Few women sang. 

b. (false (suppose (women (women sang) were many))) 

c. It is false to suppose that the women who sang were many. 
Unfortunately, this notation incorrectly implies that few is identical in 
meaning to not many , and this is clearly not so. But in spite of the short- 
coming of this notation, I will continue to use it, since it does indicate the 
other relations within the sentence in a concise way. 
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3# IgRllclt, full negation. It is when we get into the implicit negations 
that we begin to see the importance of presuppositions in our characterization 
of negation. Consider absent, an implicit full negation vis-a-vis not present , 
an explicit full negation. Pat isn't present and Pat is absent clearly have 
the same range of denotations— they indicate exactly the same referential sit- 
uation. Where, then, do they differ? The answer is, in their presuppositions. 
Note that Pat: isn't present assumes that the listener has supposed that Pat is 
present, and it denies that supposition. In contrast, Pat is absent assumes 
no such supposition on the part of the listener. In this case, the sentence 
is affirming the proposition that Pat is not present , something the listener 
already supposes to be true or knows nothing about. Thus, the two sentences 
might be represented as (6b) and 7b), respectively? 

(6) a. Pat isn't present. 

b. (false (suppose (Pat is present))) 

c. It is false to suppose that Pat is present. 

(7) a. Pat is absent. 

b. (true (suppose (false (Pat is present)))) 

c. It is correct to suppose that it is false that Pat 

is present. 

The difference between the notations in (6) and (7) is obvious. Whereas it 
is the supposition that is being denied in (6) , it is the content of the 
supposition that is negative in (7). Other examples of implicit full negation 
are the second member in the following pairs: to- from , in-out , on-off , etc. 

I rcP llcit quantifier negation . The last category of negation contains 
words like small , shallow, sho rt , and most other adjectives that are "marked" 

(cf. Clark, 1969) or have negative force on their dimensions. Large and small . 
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for example, are not contradictories, like present and absent are, but rather 
are contraries; that is, not large does not necessarily imply small , although 
not present always implies absent . There is some question whether this cate- 
gory of xrords should even be called negative, although I will show that in 
many respects these negatives have psychological properties in common with 
the other types of negatives. 

An interesting minimal pair of negatives can be found in few versus 
a few . While few is explicitly negative, a few is only implicitly so. Thus, 
few accepts any (Few people ate any rutabagas) , while a few does not (*A few 
people ate any rutabagas) ; and few accepts either (No men sang and few women 
did either) , while a few does not ( *No men sang and a few women did either) . 

But what is most important for our purposes is that few and a few can be shown 
to differ in their presuppositions. A few people left is an affirmation, while 
Few people left is a denial that many people left. This can be seen in (8) 
and (9) : 

(8) a. I thought everyone would leave, but few did. 
b. *1 thought no one xrould leave, but few did. 

(9) a. *1 thought everyone would leave, but a few did. 
b. I thought no one would leave, but a few did. 

These examples show that few can be used to deny a positive expectat* rn, as 
expressed in the first clause of (8a), but it cannot be used to affirm an 
already negative supposition as in (8b) ; exactly the opposite is true for 
a few in (9). In short, a few is implicitly negative in the sense that it 
too is a negative in contrast with many , and it implies that the supposition 
itself is negative. 
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The problem here is how to construct a representation for few and a few 
that will show their differences. The tentative solution is to treat them 
just as we did not present and absent . The representations in (10) and (11) 
will suit this purpose: 

(10) a. Few people left. 

b. (false (suppose (people (people left) were many))) 

c. It is false to suppose that there were many people who left. 

(11) a. A few people left. 

b. (true (suppose (false (people (people left) were many)))) 

c. It is correct to suppose that there weren’t many* people 

who left. 




Scope of negation 

In explicating the four types of negation~and there are probably other • 
subtler distinctions to be made in negation as well — , I have noted two main 
things: (1) explicit negations deny what is supposed by the listener, while 

imp licit negati '"9 affirm the listener's supposition, which is itself negative; 
(2) negations can be either full (as in present-absent) or quantifier (as in 
many-few) . But there is another informal way of talking about these dis- 
tinctions, and that is by talking about scope of negation. Note that in 
explicit negation, the scope of the negation is always larger than in implicit 
negation. The false in sentence (10) includes within its scope— those embedded 
strings that follow it — more than the false on (11) . One of the hypotheses 
that I will discuss later on is that the difficulty of a negative is directly 
related to its scope: the greater the scope of the negative, the harder it 

will be. 
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The model of negation 

Chase, of Camegie-Hellon University, and I have recently 
proposed a model for the comprehension of negative sentences in the context 
of a verification task (cf. Clark & Chase, in preparation). The most direct 
way to present this model is to describe it in relation to the specific task 
we used, and Inter I will show that this model is more general in that it 
can account for the comprehension of negation in a variety of tasks. 

The Ss in Clark & Chase were presented displays that contained a sen- 
tence on the left and a picture on the right, and they were required to decide 
as quickly as possible whether the sentence was true or false of the picture. 
The Ss, then, were timed from the moment the display was visible to them up 
to the moment that they pressed either the "true" or "false" button with one 
of their thumbs. The problem we set ourselves was to account for the veri- 
fication latencies the total time between the beginning of the display and 
the response. 

For this purpose, we assumed that the total process could be broken dox*n 
into four stages. At Stage 1, the £ encodes the sentence in a mental repre- 
sentation like those I have given in the previous section. At Stage 2, the 
S encodes the picture in the same sort of representational format. At Stage 
3, the S. compares the representation he has constructed for the sentence with 
that he has constructed for the picture to see whether they match or not. 

And at Stage 4, he takes the output of this comparison stage and converts it 
into some sort of a response. To make a model like this work, of course, one 
must make a number of assumptions about the process— e.g. , what the sentence 
representations look like, how the pictures are encoded, what the comparison 
process is, and so on. Since the justification of this model and its assump- 
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tions is a monumental job in itself and has been fully described before (Clark 
& Chase* in preparation), I will here only give the conclusions of that study. 

The sentences we used included sentences like The star is above t he nine - 
The star isn’t above Jhej>lus, etc. , and the pictures on the right of the 
displays were a star (a typed asterisk) either above or below a plus. To 
simplify things, let me use simply the four schematic sentence s A is above B . 

— ab ° Ve A > — - gn,t above A > and A isn't above B— the original experiments 
also contained the comparable sentences with below— and the schematic picture 

of an A above a B. The first two sentences are positive, while the second two 
are negative, and the first and third are true of the picture, while the 
second and fourth are false. At Stage 1, the model proposes that these four 
sentences are represented as in (12b) through (15b) : 



(12) 


a. 


True Positive: A is above B. 




b. 


(A above B) 


(13) 


a. 


False Positive: B is above A. 




b. 


(B above A) 


(14) 


a. 


True Negative: B isn't above A. 




b. 


(false (B above A)) 


(15) 


a. 


FAlse Negative: A isn't above B 




b. 


(false (A above B) ) 



(For the present, I will omit the suppositional part of the negative for 
purposes of sinplification.) 

At Stage 2, the picture is assumed to be invariably coded as (A above B) . 
Even though this is a gross simplification of actual coding process (cf. Clark 

& Chase, in preparation), this assumption is accurate for purposes of illus- 
tration. 
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The comparison stage 

The Stage 3 comparison process, however, is the crucial part of the 
model of negation that we have proposed. The comparison process is built on 
the assumption that the representation of the sentence is compared to that 
of the picture in a series of steps. The principle underlying this process 
is that the S. seeks to make the two representations exactly identical. This 
has been stated previously (Clark, 1969) as the principle of congruence? j3s 
cannot retrieve linguistic information from memory unless the representation 
of the information sought is completely congruent with the representation of 
the question asked of this information. 

« 

The whole purpose of the comparison stage in the verification task is to 
decide whether the sentence is true or false of the picture. For this purpose. 
Stage 3 is said to keep track of a truth index . This index starts out with 
the value true in it, and when some comparison operation of Stage 3 discovers ' 
a mismatch between the sentence and picture representations, another operation 
might change the value of the index from true to false . or perhaps later from 
^ a ^ se back to true again, depending on the circumstances. The final value of 
the truth index is the output of Stage 3 that will serve as the basis for the 
response that Stage A will have to make. If the index’s final value is true. 
the S_ will respond at Stage A by pressing the "true” button; if the index reads 
false , Stage A will effect the pressing of the "false" button. Given these pre- 
liminaries, we can" now turn to the actual proposal for the Stage 3 comparison 
operations . 

For the four sentences listed in (12) through (15) and the picture 
encoded as (A above B) , Stage 3 consists of a series of four ordered comparison 
operations. These operations can be visualized as a small computer program, 
as a flow diagram, as a list of branching rules, or whatever; in any case, 
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the operations constitute an algorithmic method for coming to the correct 
truth value of the sentences. I will list these operations as a set of branch- 
ing rules in Table 1. Consider, for example^ the True Negative sentence B isn’t 
above A » as represented in (16a) , to be compared against the picture of an A 
above a B, as represented in (16b) : 

(16) a. (false (B above A)) 
b. (A above B) 

Operation 1 would compare ( B above A) from the sentence with ( A above B) from 
the picture — (16a) and (16b), respectively — , and it would find a mismatch. 

So the process would go on to Operation la, which would change the current 
value of the truth index (presupposed at the beginning to be true) from true 
to false * Then Operation 2 would compare the (false ()) of the sentence against 
the (()) — i.e., no embedding string at all — of the picture, find a mismatch, 
and then give the control to Operation 2a. Operation 2a would change the 
current value of the truth index — now false because of Operation la — from false 
back to true . The final value of the truth value is therefore true , so Stage 
4 would execute the push of the "true” button. When the same four operations 
are applied to the other sentences in (12) through (15) , they produce the cor- 
rect truth value in every case. 

The importance of this model is that with only a few simple assumptions 
it is able to predict the verification latencies of the four types of sentences 
with extremely high accuracy. The assumptions are the following. First, 

Stages 1 through 4, and the four operations of Stage 3, are carried out serially, 
not in parallel. Second, the times consumed by each stage and each operation 
are constant from one condition to the next. So finally, the times consumed 
by the separate stages and operations are additive. At Stage 1, then, it is 
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set up, but that negatives take an increment of time b longer to set up than 
positives. At Stage 2, the picture always takes the same amount of time to set 
up. At Stage 3, Operations 1, la, 2, and 2a are assumed to take x, c, £, and 
d. increments of time to perform, respectively. At Stage 4, it is assumed that 
"true" and' "false" responses take equal increments of time to perform. The 
increments x and y. at Stage 3, however, do not differentiate among the four 
sentences in (12) through (15), since each of the sentences requires both 
Operations 1 and 2. In summary, it is evident that the four sentences differ 
only in the increments of time b., £, and d^, as shown in Table 1. False posi- 
. tives, for example, should be an amount c, slower than true positives, whereas 
false negatives should be an amount c faster than true negatives. The para- 

M t^mm 9 wm—m^rnmm mmmmrnm 90m mm mm mm v mm mm 

Insert Table 2 about here. 

meters Jb and d^ are perfectly correlated, so they ace listed as if they were 
a single parameter (b + d) . The time consumed by all the other processes 
these sentencas have in common is given by _tg, the wastebasket parameter. 

Thus, the four sentences differ on two parameters: which I will call 

Falsification Time ; and ( b_ + d) , which I will call Negation Time . 

Experimental evidence 

Several experiments are reported in Clark & Chase (in preparation) and 
Chase & Clark (in preparation), all of which support the model just presented— 
the "true" model of negation. To give an example, in one experiment in which 
the Ss always looked at the sentence before the picture, Falsification Time c 
was estimated to be 187 msec and Negation Time (b, + d) , 685 msec. These two 
parameters (along with another one that is independent or these two for the 
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sentences containing below) accounted for 99.6% of the variance in the mean 9 
of the four conditions with either above or below as the preposition and a 
median of 95% of the variance for each IS considered separately. Note that 
the "true" model predicts that True Positives will be the same amount of time 
c, faster than False Positives as True Negatives are slower than False Negatives. 
This prediction was confirmed to the millisecord in this experiment. The 
other experiments, which were carried out with other important experimental 
differences, all confirmed this model too. Across four different experiments, 
for example, Falsification Time £ was estimated to be 187, 148, 145, and 145 
msec, respectively, and Negation Time (]3 + d) , to be 685, 556, 660, and 660 
msec, respectively; this shows the great consistency of these estimates across 
a wide variety of experimental conditions. 

But perhaps just as important as the verification latencies are the 
reports Ss make as to what they think they do in the task. They In fact re- 
port something quite comparable to the series of stages and operations that 
are given in the "true" model. Concerning the Stage 3 operations, they point 
out that on positive sentences they check to see if the sentence "agrees" 
with the picture or not; if it does not they make their answer false — other- 
wise, they leave it true. But for the False Negative sentenc e A isn*t above B . 
for example, they note that the picture shows a picture of an A above a B, 
whereas the sentence claims the A is not above the B; so the sentence is con- 
tradictory, and they change their answer to false. On the true negative 
B isn f t above A , the f>s note that the B is above the A and this does not agree 
with the sentence; but since the sentence is negative, it must be true anyway. 

In other words, the Ss often report "changing their answer" once for False 
Positives and False Negatives, and chancing it twice for True Negatives. 
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Wason (1961) has also reported similar Intuitions on the part of his Ss. 

Since these reports agree precisely with what the model says that Ss do, the 
model is further justified by these subjective reports. 

The "conversion 11 model of negation 

Although almost all of our Ss have reported using this two-step compari- 
son process, Wason (1961) and others have reported that some Ss say that they 
‘'convert' 1 each negative sentence into a positive one before they ever try to 
verify it. Wason (1961), for example, reported that Ss often said they 
converted Six is not even into Six is odd before trying to decide whether the 
sentence was true or false. But Young & Chase (in preparation) , in a very 
important series of experiments, showed that Ss can be instructed to carry 
out conversions such as this one: nevertheless, the results are still well 
accounted for by the "true" model of negation. But let me amplify. 

In one of Young & Chase's experiments, Ss were asked to convert negative 
sentences into positives, whenever they met up with one, by the following 
rule: Change X isn 1 1 above Y into Y is above X . (Again for sinplification, 
I will ignore all the sentences containing below .) This instruction Implies 
that instead of representing the True Negative B isn't above A directly as 
(false (B above A)), they "converted" it first and represented it at Stage 1 
as (A_above B) . Likewise, they represented the False Negative, not as (false 
( A_above_B) ) , but as ( B above A) . In their final representations, of course, 
the True Positive and True Negative are identical, and so are the False Posi- 
tive and False Negative. At Stage 3, then, the "true" model would predict 
that both positives and negatives should require just one comparison oper- 
ation, Operation 1. Operation 2 — and its partner Operation 2a — will never be 
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necessary. To predict verification latencies, Young & Chase assumed (1) 
each conversion took a constant amount of time, and (2) o the wise the "true" 
model of negation held. By these assumptions, negatives should still be 
slower than positives, but now a true sentence should be faster than a false 
one regardless of whether the sentence is positive or negative. Young & 

Chase confirmed these predictions very accurately. And they confirmed the 
analogous predictions for the “conversion" rule to change isn' t above into 
below and isn’t below into above , and for two other more complicated 
"conversion" rules. So their experiments constitute an excellent demon- 
stration that the encoding and comparison stages of the task are quite 
separate, and that the comparison stage of the "true" model is consistent 
with their data. 

It is important here to contrast the "true" and "conversion" models of 
negation. Both models predict that negatives will take longer to verify than 
positives. In the "true" model, this is because of the representation time 
jb plus the Operation 2a time d^ that negatives require over positives. But 
in the "conversion" model, this is because the conversion itself takes time 
to carry out, an increment we might call the Conversion Time k. (Interest- 
ingly enough, Young & Chase found that k was often less than negation time 
(Jb + d) for the identical problems under conversion vs. non-conversion 

I 

instructions.) But the significant difference between the "true" and 
"conversion" models is that true-false should interact with positive-negative 
in the "true" model, but not in the "conversion" model. Specifically, under 
both models True Positives should be faster by an amount jc than False Positives 
Yet True Negatives should be slower by jc than False Negatives when Ss do not 
convert, but faster by c. when Ss do convert (regardless of the conversion). 
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overall than false ones, although when they ’ convert," true sentences should 
be faster by c overall than false ones. 

By now it should be clear why I have chosen to call these two methods 
the "true” and "conversion" methods of negation. The "true" method works 
for all negatives in every task, and it treats negatives — i.e., it represents 
negatives — with all the negative information in its proper form. The 
"conversion" method is, in a sense, a way of cheating in comprehending the 
negatives. It changes negatives into positives and does not retain all the 
negative information in its proper form. To see how this is cheating, con- 
sider A isn*t above B to be compared to a picture of an A and a B side by 
side. If the £ "converts" A isn^ above B , say, into A is below B , he will 
look at the A and B side by side and claim that the sentence is false of the 
picture. But this claim is incorrect just because the positive sentence after 
"conversion" is not synonymous with the negative one before "conversion." Of 
course, the J5 would have made the correct judgment if he had used the "true" 
method, since a comparison of ( false (A above B) ) with (A beside B) would 
have correctly led him to say "true" under the Stage 3 comparison rules in 
Table 1. 

Previous Studies of Explicit Negation 

We can now turn to the extensive literature on the comprehension of 
negation. The purpose of this section is simply to demonstrate that the 
"true" model of negation, with its illegitimate offspring the "conversion" 
model, is able to account for the main variations in this previous liter- 
ature. The first studies to be examined are all verification tasks in 
which the S, had to judge whether a sentence was true or false. In a second 



124 






I 



FILMED FROM BEST AVAILABLE COPY 



J 




20 

set of studies by Jones (1966a, b, 1967), the negative is found in an 
instruction the Ss were to follow. 




The verification studier. 

Beginning with Wason's study in 1961, many psychologists have asked Ss 
to verify sentences, but they have relied on three different types of 
verifying information. Sentences were sometimes verified agains t previous 
knowledge, as when Ss verified Six isn’t odd ; sometimes against pictures , 
as in Clark & Chase (in preparation) j and sometimes agains t other sentences , 
as in X doesn’t precede y, therefore y follows x (Greene, 1970a). To be 

4 

able to generalize across these differing tasks (and their highly similar 
results), it is therefore necessary that we represent the verifying- evidence 
—whether it be previous knowledge, a picture, or another sentence — in the 
same format. This is essentially the assumption that was made in Clark & 

Chase in order to derive predictions for verifying pictures, and it was well 
demonstrated in other ways in that study. So I will make the assumption 
that all three types of verifying evidence are represented in a sen...ntic 
representation of the sort I have given above for sentences and pictures. 

Consider I-Jason's experiments in which he asked Ss to verify sentences 
like Six is not odd . At Stage 1, the would represent Six i3 not odd as 
(false (6 is odd) ); at Stage 2, he would represent his previous knowledge 
about six as (6 is evert) : at Stage 3, he would compare the two representations 
in the four-operation process of Table 1; and at Stage 4, he would produce the 
response. But Wascn, in questioning his Ss, found that about half of them 
reported making conversions, changing not even to odd and not odd to even , 
whereas the other ha?.f appeared to use what I have called the ’’true” method. 



o 

ERLC 



125 



« 



FILMED FROM BEST AVAILABLE COPY 



i 

; 

i 



21 

In other words, Mason's results should show a mixture of these two types of 
Ss. First of all. True Positives should be faster than False Positives for 
both types of Ss, and this is in agreement with Mason's results. But second. 
True Negatives should be faster than False Negatives for the "converters," 
but slower for the non-cheatcrs . Overall, this should make True and False 
Negatives about equal in verification latency, and this is exactly what 
Wason found. So Mason's results, although not in agreement with the "true" 
model taken alone, do agree with the "true" model when account is taken of 
those Ss who consistently made "conversions." 

A perusal of the other studies on explicit negation and its verification 
shows that all the other studies (Eifermann, 1961; Wason & Jones, 1963; Gough, 
1965, 1966; Slobin, 1966; Wales & Grieve, 1969; Greene, 1970a, b; Trabasso, 
Rollins, & Shaughnessy, in press) also succumb to this analysis (cf. Clark, 
in press). In some instances, the "conversion" method was impossible to use, 
and in those cases, the "true" model of negation fits the data very well; in 
the other cases, where there was reason to think that some Ss were "converting," 
the results look like a mixture of the two methods, just as Nason's results 
did. Trabasso et al. (in press) were the most explicit on this point. They 
used the identical verification task in two conditions; in one, Ss could 
convert (and reported doing so) and the results followed the "conversion" 
model almost precisely; in the other, "conversion" was literally impossible 
for methodological reasons, and the results followed the "true" model, just 
as they should. The previous literature on verification tasks, therefore, 
constitutes good support for the "true" and "conversion" models that have 
been proposed here. 
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Following instructions 

The verification task is just one place where negative sentences must 
be comprehended. Another obvious place is in tasks in which the jS must 
carry out an action in conformity to an instruction, and the instruction can 
be given in either positive or negative terms. Indeed, that the "true" 
model of negation is just as applicable to this kind of task is demonstrated 
in a very interesting series of experiments by Jones (1966a, b; 1967). 

In one experiment, Jones gave her Ss either the positive instruction 
in (17a) or the negative one in (18a) ; the respective representations for 
them are approximated by (17b) and 18b) : 

(17) a. Mark the numbers 3, 4, 7, 8. 

b. (you mark X (if (X is (3 or 4 or 7 or 8)))) 

(18) a. Mark all numbers except 1, 2, 5, 6. 

b. (you mark X (if (false (X is (1 or 2 or 5 or 6))))) 

The Ss were given a page full of numbers — random numbers selected out of the 
digits 1 through 8 — and one of the two instructions, and were told to cross 
out all the appropriate numbers on the page as quickly as possible. They 
were timed. The basic task can be viewed as follows. At Stage 1, the Ss 
represent the instruction appropriately as in (17b) or (18b). At Stage 2, 
they represent the nunber they are currently looking at (say 7) in an 
implicit question like "Should I cross out 7?", which would be represented 
as (you mark X (if (X is 7) )). At Stage 3, the Ss would compare the if-clauses 
of the two representations by the four-operation process in Table 1. And by 
Stage 4, there is an answer to the implicit question — either (true (you mark X) ) 
or (false (you mark X)) — which is then translated into a response of either 
marking out the 7 or not. 
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Conceived of in this way, Jones ? task should fit predictions from the 
"true" model of negation. The predictions are relatively simple. Instruction 
(17) should take less time than (18) , since the if-clause is positive in (17) 
but negative in (18). Jones' results are in agreement with this prediction. 
Unfortunately, we cannot test for latency differences in True and False 
Positives and True and False Negatives, for her data were not so collected. 

But we can test the same predictions on the errors Jones' Ss made. We 
must first assume that Ss should make more False Positive than True Positive 
errors, since a False Positive decision requires one more mental operation 
(Operation la in Table 1) than a True Positive decision and that operation 
might be missed. For precisely the same reason, Ss should make more True 
Negative than False Negative errors. Jones' results confirm both of these 
predictions. For the positive instruction (17), she found that Ss made 2% 

True Positive errors (crossing out digits they should not have), On the 
negative instruction (18), the pattern was just the reverse: Ss made 8% True 

Negative errors (crossing out digits they should not have) , but only 4% False 
Negative errors (failing to cross out digits they should have). 

In summary, Jones' data on positive and negative instructions— and I 
have only discussed one of her experiments here (cf. Clark, in press and 
below)— fully support the hypothesis that her Ss understood these instructions 
consistent with the "true" model of negation. 

Comparative studies of negation 

After this brief review of the literature on explicit negatives, I now 
turn to several recent comparative studies of negation. These studies are 
comparative in the sense that they were specifically designed to compare 
two or more contrasting types of negation. 
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In the past, investigators have stuck very close to the explicit full 
negative, and as a result, the previous studies appear to emphasise the 
explicit negative as something special. Indeed, some of these studies have 
given special attention to the syntactic transformation that inserts the 
negative particle into a positive sentence, as if it was the syntactic 
properties of the negative that gave it its properties in comprehension. 

So one important conclusion to be drawn from the following studies is that 
explicit and implicit negatives constitute a unified notion of negation 
as far as comprehension is concerned. Negation is fundamentally a semantic 
notion. Although negatives are sometimes expressed syntactically and some- 
times lexically, it is the underlying semantic representation that is 

^ important for comprehension. 

A second important conclusion to be dravm from the studies to be 
described is that scope of negation and presupposition are intimately involved 
in the comprehei. ion of negatives. As we will see, certaA critical differ- 
ences in comprehension seem to depend solely on the fact that two negatives 
differ in their presuppositions or in the scope of their negative marker. 

Present and absent 

The first study I know of to compare explicit and implicit negation is 
found in Clark & Young (in preparation) , in which sentences containing 
present , absent , and their negatives were verified against the presence or 
absence of objects in pictures. Present and absent were chosen because 
; The plus isn’t present and The plus is absent both have the same truth value 

; ^ an d require the same response for particular pictures; in other words, the 

two sentences are experimentally comparable. The expectation was that The 
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filuiL I s n't present would be verified by the "true" method of negation, so 

that if 'Jhe plus i r absent is also a negative, it should behave in exactly 
the same way. 

These expectations were verified very nicely, with one important 
exception. True sentences containing not present and absent were verified 
more slowly, respectively, than false sentences containing not present and 
absent; this is what the ’ true" method of negation would predict, But even 
though the absent sentences were completely parallel to the not present 
sentences, the former took much less time to verify. Specifically, the 
negation time (Ij + d) was about 371 msec for absent , but about 640 msec for 
E?. fc . present. This suggests, of course, that The plus is absent and The plus 
resent cannot be represented in the same way, or else they should show 
approximately equal negation times. 

But as was pointed out previously, isn’t present and absent make 
different presuppositions about the underlying proposition they are negating. 
The p lus isn’t presen t should be represented as (false (suppose (plus 
present) ) ) , whereas The plu 3 is absent should be represented approximately 
as ( true (suppose (false (plus present) ) ) ) . The difference in negation time 
between not presen t and absent should therefore probably be related to the 
difference in their representations. The question becomes, then, does the 
difference lie in (1) the comparative times it takes to represent absent 
an< * not present at Stage 1, or (2) the comparative times consumed by the 
Stage 3 comp arisen operations? Although very little evidence is now avail- 
able to decide on this issue, one result of Jones' — to be discussed shortly — 
seems to suggest that (2) might be true. This would suggest that the jd incre- 
ment, the time taken by Operation 2a in the comparison process of (16), would 




ERIC 

himiififlKiaaa 



26 



simply be longer when the false dominates the supposition, as in n ot pre sent, 
than when it is dominated by suppose , as in absent . It should be pointed 
out here, however, that the not present vs. absent difference of 271 msec 
could not be accounted for by the extra reading time of not present : on 

independent evidence, the extra n’t could take no more than 50-100 msec to 
read. 

Perhaps, then, it is wisest not to speculate on the mechanisms that 
underlie the not piesent vs. absent difference until more specific evidence 
can be found for the several alternatives. Rather, we might simply state 
it as a hypothesis about scope of negation, one that is to be accounted for 
later. The hypothesis is this: the greater the scope of negation, the 

longer it takes to comprehend the negative. Fortunately, the correctness of 
( this hypothesis is not directly relevant to the correctness of the "true" 

model of negation. It might be that the specific form of the rules in Table 
1 will have to be modified in its details, but the results of Clark & Young 
make it necessary for the basic two-comparison verification process to hold 
in some form or other in all the negatives examined so far. 

"Except 1 * revisited 

The scope of negation hypothesis receives further support in a study 
by Jones (1967), if certain assumptions are made about the representations of 
the sentences she used in her study. In this study, like the other one 
reported on above, Jones gave Ss one of two instructions about crossing out 
digits, gave them a page full of digits, and timed them as they crossed out the 
appropriate digits on each page. But in this case, the instructions she 
compared (among others) were. (19a) and (20a) , which 1 presume are represented 
bs in (19b) and (20b), respectively: 
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(19) a. Mark all the numbers except 2, 5, 8. 

b. (you mark X (if (false (X is (2 or 5 or G))))) 

(20) a. Mark all the numbers, but not 2, 5, 8. 

b. (false (you mark X (if (X is (2 or 5 or 8))))) 

That is, the scone of the except pertains only to the testing of the numbers 
themselves in (19), but the scope of false in (20) covers the whole instruc- 
tion. Both instructions, of course, would have the same result by the four- 
operation process of Table Is it is just that the false enters into the process 
in different places for the two instructions. Thus, if the scope of negation 
hypothesis is correct, then instruction (19) should be easier than (20). 

Jones' results support this prediction. She also found that her Ss often 
restated the instructions to themselves before carriing out the task, and 
they most often ended up using instruction (19) instead of (20), as if (19) 
was the easier instruction to use. 

If this interpretation of Jones' results is correct, then her results 
imply that the greater difficulty with greater scope of negation must be 
accounted for, at least in part, during the Stage 3 comparison process. Pre- 
sumably, the Ss did not have to re-encode the instruction each time they crossed 
out a new digit. Since the only process that recurred for each digit was the 
comparison process, the source of increased difficulty of instruction (20) 
over (19) must lie in the comparison stage. 

The Just and Carpenter study 

Very recently, two students, Marcel Just and Patricia Carpenter, have 
completed a comparative study of several types of negation in English. They 
asked Ss to verify sentences like Most of the dots are black and A small pro- 



portion of the dots are black against pictures that contained either 14 black 
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dots and 2 red dots or the reverse. They explicitly set out to study three 
categories of negation. Category 1 contained three examples of explicit 
negation: (A) The dots are red vs. The dots aren’t red ; (B) The re are red 

dots vs. There are no red dots ; and (C) All of the dots are red vs. N one of 
the dots are red . (The pictures paired with the sentences of Category 1, 
unlike those tor 2 and 3, contained either all red dots or all black dots.) 
According to the present classification. Example A is an explicit full 
negation, while B and C are both explicit quantifier negations, although the 
latter classification is debatable. Category 2 contained examples of explicit 
quantifier negation: (D) Host of the dots are red vs. Hardly any of the dot9 

arc red : (E) Lots of the dots are red vs. Sc arcely any of the dots are red ; 
and (F) Many of the dots are red vs. Few of the dots are red . Finally 
Category 3 contained three examples of implicit quantifier negation: (G) 

The majority of the dots are red vs. The minority of the dots are red ; (H) 

A large proportion of the dots are red vs. A small proportion of the dots are 

red ; and (I) 1A out of 16 dots are re d vs. 2 out of 16 dots are red . 

Their results support the ,: true n model of negation in several very 
important ways. First, they found that negatives were more difficult than 
affirmatives for all three categories. Second, they found that in Categories 
1 and 2, which contained all explicit negatives. True Positives were faster 
than False Positives, and that True Negatives were slower than False Negatives. 

This agrees perfectly with the ’'true' 5 model of negation. But third, they 

found, quite unexpected2y , that in Category 3 True Positives and True Nega- 
tives were both verified faster, respectively, than False Positives and 
False Negatives. One might conclude that unless the Ss were carrying out some 
sort of " conversion" while encoding the sentences, the "true" model of negation 
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should not expect this result. But Just & Carpenter explained this apparent 
inconsistency in quite a different way. 

Their explanation of the Category 3 inconsistency lay in how the Ss 
coded the pictures. (The terminology in the explanation to follow, however, 
is mine.) Consider many- few (a Category 2 pair of quantifiers) vs. many -a few 
(substituting for a Category 3 pair of quantifiers). Given the true sentence 
Many of the dots are black — i . e . , (true (suppose (dots (dots black) are many) ) ) 
— , the :S could code the picture in terms of the majority of dots, as (suppose 
(dots (dots black) are many )), or in terms of the minority, as ( suppose (false 
(dots (dots red) are many) )). Note that the coding of the majority 'of dots 
will be congruent with the sentence, but the coding of the minority will not. 
Just and Carpenter simply assumed that Ss coded the majority of dots for both 
many and few (of Category 2) , and this would produce the correct predictions 
from the "true 1 ' model of negation. In contrast, they assumed that Ss coded 
the majority and minority, respectively, for many and a few (of Category 3); 
this likewise allows the correct predictions from the n true" model. To put 
it another way, Ss were always assumed to code the picture in terms of the 
presupposition of the sentence: many and few both contain suppositions about 

the majority of the dots; but many and a few contain suppositions aboutthe 
majority and minority of the dots, respectively. And this coding is natural. 
Many and few respectively affirm and deny something about the majority of the 
dots; on the other hand, many and a few are both affirmations, one about the 
majority of the dots and the other about the minority. 

Just and Carpenter were aware that their explanation needed further 
justification. So they re-ran Categories 2 and 3 of their first experiment, 
but this time they presented the pictures a half-second before the sentence 



appeared. In one condition, the Ss were asked to code the majority of the 
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dote from the picture, and in another, the minority. Their results were 
in full agreement with their previous explanation. When Ss coded the majority 
of the dots , Categories 2 and 3 were in complete agreement, in contrast with 
the results of their first experiment. And when Ss coded the minority, the 
two categories were again in complete agreement, but in this case True Posi- 
tives and False Negatives were slower, not faster, than False Positives and 
True Negatives, respectively. This result is also consistent with the "true 1 ' 
model of negation, once the newly instructed codings of the pictures have been 
taken into account. Therefore, when Ss are forced to code the pictures in on - , 
particular way, the Ss then verify the exemplars of Categories 2 and 3 in 
exactly the same way. So the Just & Carpenter results fit nicely with the 
present unified explanation for negation. 

( The Just & Carpenter results also add evidence for the scope of negation 

hypothesis. Their exemplars of negation can be approximately ordered in terms 
of decreasing scope. Exemplar A is sentence negation and should have roughly 
the greatest scope; Exemplars B, C, D, E, and F are all explicit negatives 
whose scope include the presupposition, so they are next; Exemplars G, H, and 
I have the least scope, since their negatives are included within the suppos- 
ition. Significantly, the negation time of these three groups of exemplars 
decreased approximately with scope. This evidence, however, is not as 
direct as in the present-absent and except examples discussed above, since 
so many other things seem to be varying at the same time in Just & Carpenter’s 
exemplars. 

Other studies of implicit negation 

( Although I know of no other strictly comparative studies of negation, 

there are a number of studies that have investigated the comprehension of 
other implicit negatives. These studies fall into two categories — those on 
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adjectives, and those on prepositions. 

Adje ctives . We have, already discussed present-absent as a positive- 
negative pair. Although there are no other studies on adjectives that might 
be considered full negatives, there are a series of studies on implicit 
quantifier negatives that I have reviewed recently (Clark, 1969) in relation 
to deductive reasoning. The main generalization I drew there was that positive 
adjectives take less time to comprehend than negative ones, at least when they 
are found in comparative form. Thus, deductive reasoning problems that con- 
tained the comparatives of Rood, much , fast , far , tall , happy,, warm , deep,, 
old , and high were solved consistently faster than problems with their respec- 
tive opposites. Tliis evidence, along v?itli the results of Just & Carpenter, 
lead us to the tentative < .inclusion that all the lexically marked adjectives 
like bad, little , slow , etc., are implicit (quantifier) negatives. 

Prepositions . Elsewhere (Clark, in press), I have argued that many 
pairs of prepositions can also be considered positive and negative. Gruber 
(1965), for one, has shwn that in- out , on-off , and to- from are genuine positive- 
negative pairs. These negatives, out , off , and from , are full implicit nega- 
tives, since, for example, John is out of the house implies John is ^t in the 
house , and vice versa. In and out , on and off , and to and from specify the 
only two semantic values that can be taken on their respectively semantic 
dimensions. 

Carol Offir and I have recently carried out a couple of studies in which 
Ss were asked to verify sentences like It is going to town B against a picture 
of a symbolic car going ^o or from town A or B, or to read sentences like John 
thought, "Mary is about to ro into the kitchen' 1 and verify other consequent 
sentences like Mary could be in the kitchen . Of interest here are the results 
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of these studies with respect to to and from , and into and out of . First 
of all, sentences with Jto were verified more quickly than those with from , 
and the same held for into and out of , respectively, In the second study, 
in which j3s verified the conclusion drawn about a previous sentence, it was 
found that out of behaved according to the “true" model of negation. (The 
full description of this evidence is too complex to give here.) So these 
two studies add to the growing evidence that the "true" method of negation 
seems to apply to implicit as well as explicit negatives. 

In Clark (in press) , it is also argued that pairs like above-bclow , 
ahead of-behind, in front of-in back of , and other such pairs are also 
implicitly positive and negative. The negative in these pairs, however, is 
quantifier rather than full negation, since The red balloon isn’t above the 
blue balloon does not necessarily imply The red balloon is below the blue 
balloon , a fact which contrasts with the full negative case in which John 
isn*t in the house always implies John is out of the house . In Clark (in 
press) , I have reviewed a number of studies in the literature as well as some 
of my own that show that above , on top o f, in front of , ahead of , and before 
are comprehended more quickly than -their negative opposites below , under , 
in back of . behind , and after . 

In summary, the evidence for the comprehension of certain implicitly 
negative adjectives and prepositions are in general agreement with the "true" 
model of negation. 

Recapitulation of the comparative studies 

We can now bring together some of the diverse evidence that supports the 
{ scope of negation hypothesis. In Tables 3 through 6 I have collected together 
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the studies I know of that have measured the latencies in the verification of 
positive and negative sentences from the moment the sentence was presented to 
the moment the J3 responded. In each of the four tables, I have listed the 
investigators on the left, the negative studied in the center (the positive 
counterpart of which is usually obvious) , and the Negation Time for each nega- 
tive on the right. The four tables list the negation times, respectively, for 
explicit full negatives, explicit quantifier negatives, implicit full negatives 
and implicit quantifier negatives. 

There are several observations that we can make on these tables. The most 

t 

obvious is that Negation Time is positive regardless of the negative, although 
Negation Time varies from about a tenth of a second to almost three-quarters 
of a second, depending on the negative. 

The second observation is that the median Negation Times order themselves 

% 

from longest to shortest as follows: explicit full negation (600 msec), explicit 

quantifier negation (258 msec), implicit full negation (185 msec), and implicit 
quantifier negation (145 msec). That is. Negation Time decreases approximately 
as we go from explicit to implicit negation, and from full to quantifier nega- 
tion. In more detail, it is clear that explicit full negation has the longest 
Negation Time; its exemplars, which vary from 440 msec to 736 msec, do not over- 
lap with those of any other category. The exemplars of the other three cate- 
gories have considerable overlap with one another, although there is at least 
a hint that the medians might be reflecting real differences among the latter 
three categories. 

The importance of this last observation, if it is correct, is that the 
median Negation Times follow the scope of negation. Explicit negatives have 
greater scope of negation in general then implicit negatives , and full negatives 
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have greater scope than quantifier negatives , and those differences are corre- 
lated with differences in Negation Time. These data, then, constitute support, 
albeit less than overwhelming support, for the scope of negation hypothesis. 

A third observation that can be made is that the Negation Times are 
rel atively homogeneous within each table despite the wide variety of exemplars 
there. Take, for example, the explicit full negatives in Table 3 and their 
Negation Times, vwhich vary from 440 to 736 msec. The exemplars in this table 
include locatives ( Star isn’t above plus) , attributives ( The dots aren't red) , 
and predicate nominatives ( Seven is not an even number) . The exemplars also 
include sentences in which one word only— other than the negative- is signif- 
icant for the verification ( Hie dots aren't red) , two words ( Seven is not an, 
evert number) , or three words ( Given 6 and 8, the next number is not 1) . In 
other words , it appears that Negation Time is around 600 msec regardless of 
other incidental properties of the sentences. Negation Time is as long as 
it is because sentences contain explicit full negations — in these instances 
sentence negations. If this observation is supported by future research it 
constitutes strong evidence for the independence of Negation Time from Falsi- 
fication Time and from other attributes of sentences, and hence for the 
separability of the four Stage 3 comparison operations shown in Table 1. 

Summary data like these, of course, should be Interpreted with a great 
deal of caution. First, the experimental methods varied considerably from 
study to study; in some cases the experimental error is large, but in others 
it is small. Second, and probably more important, we have no idea how the 
other differences in the negative exemplars — like the difference between from 
and out of — affect Negation Time as well. It seems only reasonable that there 
should be other differences among the negative exemplars. Third, Negation Time 
can be significantly affected by the range of objects (e.g. , pictures) that 
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the sentences are verified against. Consider, for example, the three instances 
of absent listed in Table 4. The first sentence was verified against a picture 
of a plus ('‘true*’) or a star ("false") , the second, against a picture of an 
empty square (‘'true”) or a circle within a square ("false 1 ') , and the third, 
against a picture of a disk absent ("true") or present ("false"). The three 
corresponding Negation Times, then, vary because of subtie interactions 
between the negative sentences themselves and the type of evidence they are 
compared against. I will discuss the reasons for the differences in this 
particular example later, although in the other exemplars in Tables 3 through 
6, I am quite uncertain as to which variations in experimental procedure are 
important and which are not. 

One final note of caution. Young and Chase (in preparation) and Chase, 
Young, and Clark (in preparation) have run Ss for many more than one session. 
Although Negation Time was found to begin at around 600 msec for an explicit 
full negative. Negation Times diminished over the next 10 to 15 days to as 
little as 100 msec. In other words, Negation Time can be reduced with prac- 
tice. The experiments listed in Tables 3 through 6 could also well differ in 
how practiced the Ss were — either on negatives in general or on the particular 
negatives of the experiment. So some of the variation in the tables— and one 
cannot easily tell which variation — might be partly due to practice effects. 

The support for the scope of negation hypothesis, then, is still quite 
meager, though several pieces of evidence suggest that it might be correct. 

The most direct evidence is that Negation Time for absent is considerably less 
than for not present (Clark & Young, in preparation), and that the instruction 
"Mark all the numbers except 2, 5, 8" is easier than the instruction "Mark all 
the numbers but do not mark 2, 5, 8 M (Jones, 1967). Suggestive, but not 
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conclusive , is the combined evidence from the extant studies on negation, 
which shows that explicit full negation has longer negation Time than explicit 
quantifier negation, implicit full negation, or implicit quantifier negation, 
and that the latter three categories might possibly be ordered in this way from 
longest to shortest Negation Time. As yet, there seem to be no counter-example, 
to the hypothesis. Pull confirmation of this hypothesis waits on studies, like 
that of Clark S Young, in which scope of negation can be varied without con- 
comitant changes in verifying evidence, practice, and other confounding effects. 



Negation in cognition 

To round out try sketch of the evidence for the "true" rodel of negation, 
I trill now consider several examples from perception that appear to require 
the present model of negation. Although perception has traditionally been 
kept quite distinct from psycholinguistics, it is obvious that there must be 
a representational system common to perception and language, for otherwise it 
would be impossible for people to talk about pictures, to verify sentences 
against pictures, to imagine a scene as described by a sentence, and so on. 
Indeed, Chase and 1 have presented evidence (e.g., Clark and Chase, in pre- 
paration) that supports the position that, at some level of processing, 
pictures are represented in semantic representations that are just like those 
of sentences. For example, an A above a B is normally represented as (A above 
B) , which is identical to the underlying representation of the sentence A is 

ab0Ve B ‘ l£ ls neces8ar y ho make this assumption simply to explain a large 
variety of findings in the verification studies on sentences like A is above B 

— 1°°^ below A ’ etc - But the assumption is also necessary in order to bring 
together all the other studies on the verification of sentences. As pointed 
out before, if sentences,, pictures, and prior knowledge „ere represented in 
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entirely different forms, then it would be impossible to explain all the 
previous studies on negation with one unified theory, and the latter alternative 
seems highly preferable to three unrelated theories of comp rehens ion. More 
evidence against the alternatives of treating pictures as pictures, etc., 

instead of as "interpreted" underlying semantic representations like ( A above B) 
can be found in Clark & Chase (in preparation). 

The main point of perceptual representations is that they are normally 
positive— that is, we code perceptual objects as positive entities. "That is 
a tree," we think, not "That isn't a bush" or "That isn’t a rock’ or "That 
isn’t Julia" etc. The reason is clear. In most cases, there is only one 
possible identification of what a thing is, but many of what it is not. Yet 
there are instances where it is inportant or even necessar; to think of some- 
thing in negative terms. Significantly, the instances of negation in per- 
ception that I have found follow the same logic as the linguistic examples of 
negation discussed above; that is, negation in perception fits into the "true" 
model of negation, and it can be analyzed in terms of the presupposition the 
perceiver has of the situation he is observing. I will first discuss evidence 
for the normality of positive coding, followed by an example of a negative 
perceptual representation and its properties. 

Positive perceptual coding 
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In Clark & Chase, it was shown that a picture of an A above a B can be 
"looked at" in at least two different ways. When the S. is instructed to look 
at the top figure (A) in the picture, he will encode the picture as (A above 3) 
When instructed to look at the bottom figure instead, he will encode the pic- 
ture as (B, .below A). When simply asked to view the picture as a whole, the 
code is always (A above B). (The differences in these codings can be detected 
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by the way the different viewing instructions interact with the verification 
of sentences like A is above B . B is below A . etc.) In other words, an A 
above a B is normally encoded in terms of the implicitly positive preposition 
above as ( A above B) , unless the S_ is instructed to view the picture in a 
specific way, and then the coding can become (B below A) instead. Here is 
the first piece of evidence for the proposition that pictures are encoded in 
positive representations except under unusual conditions. 

A second finding of the same study is that the Sis could not have been 
coding the pictures as an oxp licit negative either. For example, there is 
no reason why the £ could not have coded an A above a B as ( false (B below A) ), 
for this second coding would also be true of the picture. This negative 
coding, however, is also consistent with a large number of other sentences 
^ that would not be true of the picture, such sentences as A is beside B . In 

short, encoding a picture in an explicit negative representation would often 
lead to incorrect judgments of truth value, and there is evidence in the data 
of Clark & Chase anyway that Ss did not use such negative representations. In 
the present-absent study reported above, too, it was assumed that the pictures 
were encoded in a positive form. A picture of a plus was assumed to be coded 

present) , not as ( false (star is present) ). So here are two other 

examples of how pictures are normally encoded in their positive forms. 

Negative perceptual coding 

In order to overcome this very strong tendency to code perceptual in- 
formation only in its positive form, I have recently carried out a verification 
( task with pictures that are difficult to code in anything but a negative way. 

Consider a picture of a square with or without a smaller circle inside it. 
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The square with a circle is meant to represent the presence of a hole, while 
the square without a circle is meant to represent the absence of a hole. The 
Ss were then asked to verify sentences in the usual manner: they were given 

sentences like The hole is absent together with a picture of a square with or 
without a circle inside it and were asked to judge whether the sentence was 
true or false of the picture. The sentences describing the presence or 
absence of the hole were mixed in with sentences describing the presence or 
absence of a star or plus: the pictures for the latter were either a plus or 
a star. 

The rationale of the study was that the pictorial presence of the circle 
would be represented as (hole is present) , while the pictorial absence could 
only be represented in a negative way, as ( false (hole is present) ). So 
( instead of utilizing verifying and falsifying pictures that are both coded in 

positive form, this study utilizes pictures that are represented in positive 
and negative forms. The representations for the sen' ences describing the hole 
and for the corresponding pictures are shown at the top of Table 7, and they 

mm mm — w m m m ^ m* mm mm mm mm mm mmm— •+ •• mm 

Insert Table 7 about here. 

are to be compared with the representations for the sentences describing the 

star or plus at the bottom of the table. When the four operation comparison 

process of Table 1 is applied to these representations, the process still 

produces the correct truth value in each instance, but the latency components 

for the h ole- sentences turn out to be different from those for the star- 

\ 

sentences. In particular, note that c never appears in the hole- sentences % 

^ and b and .d are not correlated in the hole- sentences as they are in the star- 

sentences. In short, the "true" model of negation predicts quite different 

* 

patterns of latency for the two kinds of sentences. 
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The results of the experiment on the hole- and star- type sentences are 
in agreement with these predictions. For the sentences describing the star 
and plus., the results were as usual: True Positives and False Negatives were 

faster, respectively, than False Positives and True Negatives. But for the 
hole-sentences. True Positives and True Negatives were both faster than their 
counterparts: in this case there was no interaction between true-false and 

positive-negative. This is just what the "true" model would predict. 

There is an important difference between the star-sentences and the hole - 
sentences. The hole is absent was always confirmed by the physical or per- 
ceptual absence of a figure in the picture (viz. by the absence of the circle 
within the square) , whereas Tlnj_sta r_is absent was always confirmed by the 
physical presence of a figure (the plus). One might argue that the difference 
in latency patterns between the hole- and star-sentences is attributable to 
the perceptual properties, not to the semantic representation of the picture 
itself, as I have been arguing. But this possibility was eliminated in a 
carefully counterbalanced second condition In which hole was replaced by lid, 
so that Th e lid Is present was true when the circle was absent from the 
square, and The lid is absent was true when the circle was present . As 
expected, the lid-sentences had exactly the same pattern as the hole-sentences . 
Thus, it Is the semantic Interpretation of the picture that is all important, 
not simply the physical attributes of the picture. 

In summaiy, the hole- and lid-sentences constitute one example of how a 
picture must be interpreted negatively. Furthermore, the negative code 
depends crucially on the Ss' presuppositions about what the picture is supposed 
to be. If the picture is to be interpreted as a lid, one coding is used, but 
if it is to be interpreted as a hole, exactly the opposite coding is used. 
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Mien these representations are then used to verify a sentence, they behave 
exactly like oidinary linguistic positive and negative representations as pre- 
dicted in the "true" model of negation. Thus, our perceptual system makes use 
of negation too, and this negation is fundamentally of the same sort that is 
found ir. language: it consists of a proposition (e.g., The hole is praaant* 

embedded within another predicate (it ,is false ) that denies the truth of the 
embedded proposition. 



Conclusions 



In this paper, I have presented a partial theory of comprehension and 
have applied this theory specifically to negation. The general theory, as 
applied to the verification process, was simply that the process consisted of 
four stages: a sentence encoding stage, a picture encoding stage (if a 

picture is used as verifying evidence) , a comparison stage, and a response 
stage. In applying this model to negation, I have argued that negative 
sentences and pictures are represented in a particular form and that the 
comparison stage carries out its duties in a particular way. 

The representation of nevaMnn The basic proposal is that negative 
sentences like Jeffrey isn’t at home consist of two parts: (1) an embedded 

proposition, J effrey is at home ; and (2) an embedding proposition, it is false 
which denies the truth of the embedded proposition. A picture that it repre- 
sented negatively will also take on the same form. Although there are many 

varieties of negatives in English, the proposal is that they are all repre- 
sen ted in a variation of this basic form. 

T he comparison p roces s . The "true" model of negation contains a com- 
parison stage that consists of four ordered mental operations. Given a repre- 
sentation for a sentence and a verifying picture, the process first checks for 
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synonymy of the embedded strings of the two representations, and then checks 
for the synonymy of the embedding strings. When there is a mismatch in 
either mental operation, there in another subsidiary operation that changes 
the truth index of the sentence— c.g. , from true to false, or from false to 

I I II I I II 

_true. It is the final value of the truth index that serves as the answer 
finally produced as a response. In the "conversion" model of negation, the S 
is able to avoid checking the embedding string during the comparison stage 
altogether simply by eliminating the embedding string when he encodes the 
sentence at the first stage. Thus, the S might immediately interpret Nine 
— t even directly as Nine is odd , which he then represents without a falsi- 
fying embedding string. What I have tried to show is that all the existing 
evidence on negatives can be accounted for by either the "true" or the 
conversion" models of negation or by some mixture of the two. Ir particular, 
these models account for (1) the comparative latencies in verifying True 
or False Positive or Negative sentences; (2) the introspective reports Ss give 
as to how they go about verifying sentences; and (3) the latencies and errors 
Ss make in following positive or negative instructions. To account for these 
results, I have had to assume that the comparison operations are serially 
ordered and that each operation consumes a given increment of time on each 
verification. 

Th_e role of presupposition. The third topic I have considered is pre- 
supposition. I have argued that the simple garden variety of negative sentence 
presupposes that the listener believes in the truth or plausibility of the 
embedded proposition, but asserts that the listener’s supposition is false. 

A survey of English negatives, however, showed that negatives differed in 
what they presupposed and what they asserted. For example, John isn’t present 
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is a denial of a positive presupposition , whereas John is absent is an affir- 
mation of a negative presupposition; the first is explicitly negative, in the 
terminology of this paper, whereas the second is implicitly negative. But 
what is probably more important, there seems to be evidence that Negation Time 
is consistently different for two expressions that differ only in their asser- 
tions and presuppositions (e.g., isn’t present and absent) . This fact implied 
that the presuppositions and the assertion of a sentence are an intrinsic 
part of its semantic representation, and they systematically affect the 
verification process. Finally, this led me to argue for the scope of negation 
hypothesis: the greater the scope of negation, the more difficult a' sentence 

is to verify. Although the existing evidence for this hypothesis is very 
sparse indeed, the evidence does show that a complete model of negation must 
somehow account for the systematic variation of Negation Time with changes in 
presupposition. 

In short, I have tried to argue that negation is a single unified 
phenomenon and that there is a single unified theory that accounts for the 
basic facts about negation. Obviously, however, I have uncovered just as 
many mysteries as I have solved. Much work lies ahead. 
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Footnote 



This paper is a distillation of one section out of a chapter called 
“Semantics and Comprehension" in Sebeok, T, A. (Ed.)- Current Trends in 
Linguistics , Vol, 12 , The Hague: tlouton, in press. 



Table 1 



The Comparison Process (Stage 3) of the 
"True" Model of Negation 

1. Compare the embedded strings of sentence and picture. 

A. If they match, go to 2. 

B. If they do not match, go to la. 

la. Change value of truth index into its opposite; then go to 2. 

2. Compare the embedding strings of sentence and picture. 

A. If they match, stop. 

B\ If the)’' do not match, go to 2a. 

2a. Change value of truth index into its opposite; then stop. 
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Table 2 

Latency Components for the 
"True 1 ' Model of Negation 



Sentence Type 



Stage 1 
Sentence 
Representation 



Stage 2 
Picture 

Representation Latency Components 



( 



True Positive 
False Positive 
True Negative 
False Negative 



(A above B) 

(B above A) 
(false (B above A)) 
(false (A above B)) 



(A above B) 
(A above B) 
(A above B) 
(A above B) 



t^ + c + (b + d) 
t Q • + (b + d) 
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Table 3 

Netation Times for Explicit Full Negation 
Source Example of Negative Sentence Used Negation Time 



Nason 


Seven is not an even number. 


550 


Wason & Jones 


Seven is not an even number. 


440 


Eifermann 


Seven is not even (in Hebrew with lo) . 

% 


736 




Seven is not even (in Hebrew with eyuo) . 


600 


Clark & Chase 


Star isn’t above plus . 


685 




Star isn’t above line. 


709 

% 




Star isn’t above plus, (picture first) 


556 




Star isn’t above plus, (picture first) 


660 


Clark & Young 


The star isn’t present. 


640 


Just & Carpenter 


The dots aren’t red. 


463 


Wales & Grieve 


Given 6 and 8, the next number is not 1. 


455 
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Table 4 

Negation Tines for Explicit Quantifier Negation 



Source 



Examples of Negative Sentence Used Negation Time 



Just & Carpenter 


None of the dots are red. 


306 




There are no red dots. 


76 




Hardly any of the dots are red. 


385 




Scarcely any of the dots are red. 


384 




Few of the dots are red. 


210 


Trabasso et al. 


KOV green. 


200 



Median 258 
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Negation Times for Implicit Full Negation 



Source Example of Negative Sentences Used Negation Time 



Clark & Young The star is absent . 371 

The hole is absent . 185 

Chae & Clark Absent . 145 

Clark & Of fir It is coining from town B. 184 

Wary has just come out of the kitchen. 201 



Median 185 




Negation Times for 



Implicit Quantifier Negation 



( 



Source 




Clark & Chase 


Star is below plus. 


93 




Star is below line. 


135 




Star is below plus, (picture first) 


117 




Star is below plus, (picture first) 


84 


Just & Carpenter 


A minority of the dots are red. 


241 

• 




A small proportion of the dots are red. 


214 




2 out of 16 of the dots are red. 


72 


Clark & Peterson 


Star is lower than plus. 


251 


Clark 


The pipk one is in back of the blue one. 


189 



Median 135 



i 
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Table 7 




P 



P 



Hypothetical Representations of Sentences and Pictures 

under Two Conditions 



Sentence Type 


Sentence Code 


Picture Code 


Latency Components 


True Affirmative 


(hole present) 


(hole present) 


*o 


False Affirmative 


(hole present) 


(false (hole present)) 


c o + d 


True Negative 


(false (hole present)) 


(false (hole present)) 


*0 +b 


False Negative 


(false (hole present)) 


(hole present) 


t.Q + b + d 


True Affirmative 


(star present) 


(star present) 


• 

*o 


False Affirmative 


(star present) 


(plus present) 


t o + c 


True Negative 


(false (star present)) 


(plus present) 


t Q + c + b + d 


False Negative 


(false (star present)) 


(star present) 


tg + b + d 
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Human memory and cognition involve an integrated network of sentences 
or logical propositions. Each sentence in .turn lias its own internal 
syntactic and semantic structure. Although the structures within a 
sentence have been intensively analyzed by linguists and psychologists, 
little attention has been given to the large-scale organization of knowledge; 
that is, of sentences into larger units. When the issue has been examined 
at all, the attempts to describe the structure itself have been made chiefly 
by linguists and investigators in artificial intelligence. Within linguistics, 
the few efforts to extend the analyses beyond the sentence suffer from an 
over-dependence on syntax at the expense of semantics. Generative grammarians 
evidently assume that a paragraph can be transformed syntactically into 
one long sentence which can then be analyzed just like any other sentence. 

Any limitations imposed by the added length and complexity of the sentence 

t 

paragraph are seen as merely technical problems to overcome within the 
grammar. In fact, this reductionistic assumption is incorrect in principle. 
Typical paragraphs contain numerous implied assertions that are often essen- 
tial to the theme. But a grammar cannot represent implications, because it 
generates only the explicitly stated text. A semantic theory is required. 
Unfortunately, none are yet sufficiently developed to be applicable to 
paragraphs. The one linguistic analysis that has actually been seriously 
applied to paragraphs is Harris' (1952) discourse analysis. The analysis is 
superficial in that it does not go beyond a segmentation of the text into 
equivalence classes. It fails to establish a hierarchy of propositions 
within the text, which can also be attributed to an over~rcliance on syntac- 
tic principles. Certainly, • something like a hierarchy is needed in order to 
reflect our more or less acute perception of the outline or abstract of jL^( 

fl passage. On the other hand, the computer models of human memory begin 
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with a small number of primitive relations, deductive rules, algorithms, 
and so on and attempt to analyze or synthesize texts (e.g. Jacobson, 1966). 

To date, this approach has had rather limited scope, ]argely because, many 
of our normal information processing capabilities have not been explicated 
and incorporated into computer programs. Recent extensions to paragraph 
processing (Bobrov/, 1968; Quill ian, 1969) appear more promising but will 
not be reviewed here. 

, In the present paper, the analysis seeks to exhibit all of the relations 
betv/een sentences in typical descriptive prose. Syntactic and semantic 
analyses of individual sentences are carried out only to the extent 

v 

required by the overall analysis. The method of analysis relies heavily 
on any information which a competent reader might be expected to already 
have in his semantic memory; it is not limited co syntactic principles 
or to relations that are readily explicated and incorporated into 
simulation programs. The goal of the analysis is to provide a formal 
representation of all the information* explicit or implicit, within the 
passage. A distinction is made between deep and surface structures, although 
these terms are not used in their conventional senses. The surface 
structure includes purely syntactic aspects, e.g. reductions produced by 
anaphoric forms such as pronouns or demonstratives, as well as sentence 
conjunctions and other devices whose apparent role is to create a pleasing 
rhetorical style. The surface structure also includes the linear ordering 
of the sentences. All of these features are viewed as output phenomena 
and hence are disregarded in the deep structure. Thus the deep structure 
is intended to represent the semantic content of the passage. In a 
modest way, it is .also a hypothesis about how a person’s memory for the r - 
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passage is organised. The limitation, of course, is that no analysis is 

% 

given as to how the text information is embedded in the total semantic 

v 

memory. The main topic in the present paper is the deep structure. Appli- 
cations to three prose passages are discussed in detail, and some details 
have been only tentatively resolved. A full set of general principles 
cannot be formulated until the present methods have been tested on addi- 
tional passages. Therefore it seems premature to explore the algebraic 
properties of the method, although ultimately such analyses may be useful 
here as they have been with sentence grammars. Also, so far no serious 
attempt has been made to discover how the traditional rhetorical developments 
such as comparison and contrast, theme and illustration, etc.* are reflected 
in the structure. 
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A few remarks about the psychological relevance of this work are in 
order, although later papers will be devoted more to this matter. Recent 
psychological studies (e.g. Frase, 1969; Johnson, 1970; Koen, Becker & 

Young, 1969) indicate that concern with structures in psycholinguistics 
is beginning to reach the paragraph level. Within the present approach, 
some of the interesting questions are how understanding and memory depend 
on the structure, on preknowledge of certain elements of the structure, and 
also on the correspondence with the surface structure, as well as on 
numerous task conditions. Memory can be assessed by applying the same 
analysis to the paragraph produced by a subject when he is asked to recall 
the passage. To attack these problems, it will probably be necessary to 
. define statistical measures on the structures to be proposed in the 

present paper, but the selection of suitable measures is an open question. 
For many purposes, it may be a sounder research strategy to use the proposed 
methods in order to synthesize paragraphs having desired properties 
Instead of to analyze existing paragraphs. 
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The Analysis 

The analysis v/ill be illustrated by application to three passages, 
one on oceanography, one on steel production, and one on nebulae. 

1. Oceanography Passage 
The structure is: 

Oceanography is the scientific study of the ocean. Oceanography 
includes the physics of water and wave movements rad the chemistry of 
water and dissolved substances. It also involves the biology of plant 
and animal life in the sea, including the vertical and horizontal distribu- 
tion of sea life. It also includes the geology of the shape of ocean bottoms, 

t 

and of the layers of earth beneath the ocean bottom. Early research in 
oceanography consisted of occassional expeditions sponsored by museums or 
universities. But modern research is a continuous operation by oceano- 
graphic research institutes. Oceanographic research is carried out in 
laboratories, both on the land and on research ships. These ships have 
special features of construction, such as an inertial guidance system to 
navigate precisely to a desired area of the. ocean. Some ships are powered 
by nuclear engines, in order to reach remote regions of the ocean. The 
labs on the ships contain special instruments which can be submerged below 
the ship. One instrument is a deep-sea camera for photographing the ocean. 
Another instrument is a current meter for measuring the. little understood 
deep-sea currents. A heat meter is used to measure the heat flow between 
the land and the sea. 

The outcome of the analysis is conveniently depicted as a graph (Fig. 2). 

To aid in understanding it, a simplified approximation appears in Fig.l. The 

• • * ^ * 

Fig. 1.2. 
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Fig. 2 Graph of oceanography passage. 
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simplification is an outline, but it differs - from an ordinary outline in 
one important respect. A conventional outline embodies only subordination 

i 

and coordination, hence, yields a tree graph, c.g. 




"where each node corresponds to a sentence. By contrast, the present 
analysis is a generalization allowing multiple levels of subordination 
to any one node, e.g. 



I 

-A/subordinator 





If the text does indeed state or imply that B is subordinate to A (e.g. 
a subordinator such as when or because but not the coordinator and ) , then 
the representation of them as coordinates in the first graph is incorrect. 



The other important properties are shown in the graphs. Some of the 
principles will be mentioned now, and the others will be noted as they arise 
in the detailed comments to follow. Each node contains two kinds of infor- 
mat ion, the one kind shown as a sentence above a rectangle and the other 



as a rectangle enclosing a tree graph with labelled nodes. (Some sentences 
are not followed by boxes). The process is recursive (e.g. within 3 of Fig. 2) 
but for the sake of legibility the more deeply embedded trees are not 
enclosed in rectangles. The rectangles, in effect are two-dimensional 
brackets. A rectangle and "the enclosed tree will be referred to as a 
subgraph to distinguish it from the head sentence above it, which will be 
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nodes are numbered i, ii, etc. from left to right. Thus 4ii in Fig. 2 is the 
node labelled modem . All labelled nodcs> both the expressions and the 
terms within the subgraphs, correspond to sentences, in a way that can 
be clarified after discussing subordinators. An expression is derived from 
its immediate superordinate by means of a subordinator , which appears after 
the slash (/) in the expression. For example, 5 is subordinated to 4 by 
the word frequency , since the main verb is given in 4 and the adverbial 
phrase specifying frequency is given in 5. The expression also generates 
the terms within the subgraph, as follows. Each expression has at most one 
variable word, denoted by one or two dots above the word. ’ Nodes within 



the subgraph are generated by assigning, values to the variable. By con- 
vention, then, variables are introduced successively, one per subgraph, 
instead cf simultaneously (minor exceptions to this are allowed on syntactic 
grounds). Resuming the question cAf what sentence corresponds to a given 
node, two interpretations are possible according to whether the subordinator 

of the expression is taken into account. If it is not, then the sentence 

0 

is reconstructed simply by substituting into the expression the exemplar 
name (value) listed at the node. Thus 8i would be Scientist s operate lab 
on land . On the other hand, by the other interpretation the sentence 
corresponding to a given node contains not only the present subordinate 
sentence, but also all superordinates. In sum, the two interpretations 
are schematized as a. and b., respectively for sentences SI and S2: 

51 + subordinator SI + subordinator 

52 SI + subordinator + S2 



b. 
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Thus according to b, 8i is the full sentence scientists study the ocean in 
early and r. odern times operatin g labs on land and on ship s . While the 
choice between interpretations a. and b. is not an immediate issue, a logi- 
cal advantage of b. may be noted. According to it, any sentence (expressions 
and others also) implies the sentences dominating it in the graph, e.g. 

(SI + in order to) + S2 -~>S1 
(SI + relative adverb) + VP =J>S1 
(Si + relative pronoun) + embedded NP_£^51. 
and even 

(SI + therefore) + S2r=>Sl. 

f • 

(VP - verb phrase, NP = noun phrase) ,- v 

There are a few apparent exceptions to this principle, mainly involving 
sentences of the form NP1 is (named) NP2. 



The formal criteria for deciding between subordination and coordination 

« 

require further study. Basically, subordination seems indicated whenever 
a sentence or phrase subordinator is present or implied, However, the 
matter is more complex in that it involves the question of correspondences 
between subgraphs, to be discussed presently. Once subordination is deemed 
to be the correct representation, the further question arises as to what is 
subordinate. to what. The direction is not necessarily determined by the 
subordinator actually stated in the text, because at least with sentence 
subordinators (as opposed to subordinators such as in S2 — SI + subordinator 
+ verb phrase) an inverse subordinator can be found (e.g. SI in order to S2, 
S2 by SI) . Instead, the order depends on the total paragraph context. 
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Other general features of the analysis are the following. In some 
cases an expression is directly dominated by more than one expression. 

This occurs only once in the oceanography passage, where lObii is dominated 
both by 10b and by 3a. However , in other passages it occurs more frequently 
and cannot readily be replaced by an alternative description. Another 
important aspect is the pattern of correspondences between subgraphs. 

Often the text indicates a 1:1 matching of corresponding nodes. For example, 
node 4i corresponds to 5i in that the early research was done occasionally .' 
Likewise, 4ii corresponds to 5ii. If the nodes correspond except for a 
few discrepancies (e.g. no terms or two terms at a node instead of one) the 
seime graph is retained and the discrepancies are marked as will be illus- 
trated in the detailed notes. But if the discrepancies are prevalent, it 
is more economical to set up a different subgraph. All subgraphs that 
are headed by the same numeral (e.g. the 4 in both the 4 and 5 subgraphs) 
indicate the same correspondence. * Another type of correspondence is cross- 
classification, which is defined on subgraphs and not on expressions since 
the expressions could be related by subordination even if the nodes are cross 
classified. In this type of correspondence, each node of one subgraph 

2 

corresponds to every node of the other, as in 3c and 3c 1 of the figure. 



Other notational symbols are interpreted as follows: 

Symbol ' Interpretation 

* .A variable for which the values in the 

subgraph are logically exhaustive in the 
lexical sense, i.e. ignoring the sentence 
context. 

** A variable for which the values in the 

subgraph are not lexically exhaustive. 
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(Continued) 


Symbol 


Interpretation 


• 

[some]NP. 

• 


In an expression, the values in the subgraph 
are not contextually exhaustive, i.e. 
the subgraph could be made exhaustive 
by adding a node labelled other. 


[all]NP, abbreviated as MP. 
• 


The values in the subgraph are con- 
textually exhaustive. 






rH or a,b 
a b 

• 


Disjunction of values at different nodes, 
or the same node, respectively. 


or a & b 


Conjunction of values at different nodes, 
or the same node, respectively. 


Ii, ii 
r 1 *' 


The present subgraph is a cross-classifi- 
cation with an earlier, one numbered I, 

• * 

for some integer I. 


• 


Null symbol, at a node or as a subordina- 
tor ; 


[some][ ] or [ ] 


Restrictive or nonrestrictive modifier 
belonging to a different syntactic 
category than the word modified, e.g. 
[modern] science. 


( ) 


Modification produced by restriction to 
a lexical subset, e.g. science(astronomy) . 


• 

X 


Separates main NP and VP of the sentence 
surface structure. 


{ > 


Encloses main VP of sentence surface 
structure. 


+ 

• 


Separates V and substantive (if any) 
consistituents of main VP of surface 
structure. 


Snom, T 


• 

’’Trans formations" marked when the segmenta- 
tion into major surface structure constit- 
uents is not sufficient for the present 
purpose. 


• 

/SI ^ S2 X 


X subordinates the clause in the next 


• 

• 


expression to the entire construction 
S1[S£] , not just to S2. 
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The symbol [some] UP requires comment. It: is. usually associated with text 
phrases such as includ ing, one of , for examp le, such as , if the complement 
of the named item is not specified. Sentences 1 and 2 below illustrate the 



cases. 

1. Scientists study ocean heat flow, which is to and from the land. 

2. Scientists study ocean heat flow which is to and from the land. 

These sentences are marked in the analysis as 1* and 2 , respectively. 

1*. Scientists study ocean heat flow [which is to and from the land]. 

2’ . Scientists study ocean heat flow [some] [which is to and from the land]. 

For the analysis it is irrelevant that the bracketed clause is always a 
restrictive Modifier of the word f low in isolation • Tlic distinction is 
between nonrest ictive vs. restrictive modification within the sentence 
context. Kence the choice between the form illustrated in 1 and the one 
in 2' depends on the entire sentence. (In the present example 1 happens 
to be correct) . 

• ■ • 

Notes 

Notes are numbered to correspond to the nodes in the figure. 

1,11. The main clause in the remainder of the paragraph is scientists study; 
the ocean. Oceanography is only a name for this activity, hence appears 
.subordinated at 11 rather than in 1. 

2. A common phenomenon in texts is a statement that declares a variable 

without giving its values, e.g. There are several kinds of ± KP , NP + VP 

in several ways , NP + VP for several reasons . Two cases arise. If the text 

eventually enumerates the types, ways, etc. then the prefatory sentence is 
• * 

redundant. In our analysis, such redundant sentences are the ones that 
contain variables, e.g. expressions 2 and 3 but not the fully specified sentences 
wiKiin the subgraph ofi 2. The other case, where the text fails to enumerate 
the instances, is treated merely by marking several , etc. as a quantifier. 
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A sufficient reason for introducing 2 before 3 is that the partition 
in 2 is further partitioned in 3. 

3c. The 3bi, ii term signifies that the variables in 3b and 3c. impose a 
cross-classification on life . 

4. Here there are three variables: the affiliation of the scientists, and 

the time and frequency of research. To maintain the principle that they be 
introduced successively rather than concomitantly, some rationale is needed 
to decide the order of appearance in the graph. Evidently, the time variable 
should appear first, to reflect the text order. Then come the frequency 
and affiliation variables in 5 and 6, respectively, adopting the principle 
that the finer partition (here, into three parts) appear after the coarser 
one. While there can be no question that 4 dominates 5 and 6, it is not 
certain that 5 and 6 should not be coordinate. 

7. For brevity, the 4 subgraph has been omitted beneath the 7 expression. 

In this case if is redundant, since the 7 expression' vxmld simply be repeated 
verbatim at both nodes of the subgraph. 

8ii. The line from 8ii to 9 indicates that in the remaining text the scope 

% 

• is narrowed to labs on modern ships . Quite obviously the restriction 

cannot be marked by connecting 4ii ( ^modern) directly to 9, for the connection 

between 8 and 9 must not be omitted. The first interpretation is that the 

author did not impose this restriction earlier, i.e. that 7 and 8 do indeed 

refer to early as well as modern oceanography. If this reading is incorrect, 

the alternative would be to connect 7 only to 4ii. This interpretation is 

explored in the next note. Even if the broader reading is correct, the term 

land in 8i is debatable. . 

7-11. Here 7,9,10 and 11 each introduces an adverbial clause, and the order 

*: 

of occurrence is an issj^e. The version in the figure may not be the most 
insightful one. Instead, a principle might be formulated to the effect 
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that verb phrases are "closer" to each other, if they involve the sane 



object Nl’, as the VP's numbered 4 and 10 do. Hence the revision would be 

i 

ns sketched below: . 

4. Sci. study ocean/by 

10. Sci. reach, observe ocean region. 

Now would come 7, 8, and 9. 

Of course, permutations of subgraph order entail changes in the adverbial 
subordinators; here the by replaces freq . ,. inst . Now the inclusion of 7, 
8, and 9 becomes cumbersome if parts of these are read broadly as applying 
to early oceanography also. Hence, assume that all references to labs 
imply modern research only, namely the alternative suggested at 8ii above. 
The complete development would be about as follows (omit ting the subclasses 
of measure for simplicity, and collapsing 7 and 8). 

4ii Sc. study o. [modern] /by 



10. reach, obs 



analyze 



obs* o . 



reach 6 

r I r , 

exjJct rembte phbto. measure 



C 
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7,8*’ Sc. o perate lab where/ inst 



ship lab/ins 



navigate 



operate ship lab 



— i 
power 






lanl lab 



Sci. use dcvic.es/_- 



inei/t 



dev. of ship 

__i 



ial 



nuclear 



camera 
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de v. ^of l ab 



”T 
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and heat flow troa 3aiii to lObii. Of course, one could avoid this type 
of. connection by subordinating all of 4 - 11 to 3. All nodes of 4 - 11 
would then occur four times, once for each node of 3, except that the trouble 



. some lObii would be attached only to the appropriate points of 3a. Such 

s solution is consistent with the general rationale for claiming subordination, 
While the method adopted is a modification. Yet the latter might seem clearly 
preferable, for the fourfold repetition of 4 - 11 would bo highly inelegant. 



On further thought, a simpler solution vould be to exploit the notation 
already introduced for cross-classification. The subgraphs 4ff. vould be 
headed by the tern 3i,iii,iv replacing both the 4 in the 4 subgraph, etc. 

V ' 

as well as the line from 3a. 



The main syntactic properties of the passage are given in Table 1. 



Table 1 here 



simplicity, all modifiers other chan subject modifiers have been regarded 
as attached to the main verb of the verb phrase. Although this is probably 
correct for adverbials, it may not concur with modern grammars insofar as 
sentence subordinators such as because are concerned. On the other hand, 
even adverbials can serve as sentence subordinators (e.g. vhen + S , vhere ± £) , 
SO it does not seem far vrong to treat becau se, etc. like relative adverbs. 



The lexical items for Table 1 are: 
Subject . 

N=Noun V=Verb 



0=0bject 



D=Adverbial 



1. scientists 



study 



2 . 



3. 

4. 



5. 

6 . 



operate 
submerge 
reach, observe 
have 



ocean, 

oceanography 

lab 



5 



device 



when 

instrumentality 

where 



ship 

affiliation 



in order to 



t : 

manner 
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The notation is 
X -> Y 

-»• 

'U 

* 

<a,b> ... <c,d> 

Z/X •> Y 
S 

Xi, Xi(a) , Xi(a) (i) 
Nom 



rewrite the most recent occurrence of X 
as Y . 

same as •+, except some details of 
derivation omitted 

cross- classification 

correspondence a to c, b to d. 

rewrite X as Y in the context Z. 

Sentence 

subclass of X, of Xi, of Xi(a), respectively, 
nominalization or quasi-nominal 

• I 



1 



o 
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Table 1 

Main Syntactic Properties of 'Oceanography Passage 



Rule 



I. S -> Ml + VI + 01 

II. S ~ y Norn S 

Mom S H* be + 01* 

4. VI + V1D1 

D1 ->■ Dli, D1 ii 

7. VI -► V1D2S 

S Ml + V2 + 02 

8. V2 ->■ V2D3*D1 

D3 -> D3i,l)3ii 
%/ 

9. D3 * D1 •> D3iiDlii 
V2 -► V2D2S 

S + Ml + V2 + 03 

03 -► 03i, 03ii 
'b. 

03i *> 03ia, 03 ib 
03ii •> 03ii(a) , 03ii(b) 



Kx plan ntion 
Sci. stu d y oce an 
S ci. study of ocean 
Mo n S is oceanography 
when 

early , modern 
inst . 

Sci. operate lab 

vherc; cross-classification 

land , ship 

Restriction to mode rn and shi£ 

V 

inst. 

■ ■ i 

Sci. use devices 
of shi.p , of lab 
inertial , nuclear 
cameras , meter 



03 iib -► 0311(b)(1), 0311(b) (ii) heat meter , current meter 
9c,9d V2 + 03<i,ii> * ^ves 9c, 9d 



V2 <D4S,D5S> + 03<i,ii> 
S ->• Ml + V2 + 04 
S -► Nl + V5 + 03ii 



Sci. operate ship 
Sci. submerge devices 



10 . 



V2 -> V2i, V2ii navigate, - power 

03ii -*■ 03ii(a) , 03ii(b) camera , mete r 

03iib -> 03ii(b)(i), 03ii(b) (ii) heat meter, current met er 

Nl__ 03/V2 ->• V2D4S ill order_to 

S -v Nl + V4 + 01 Sci-< r - c -^ll» SL- 
IM + V4i,V4ii ' reach, observ e 



V4i__/01 -*■ Oli, Olii 



exact , remote 



o 
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VAii VAii(a) , VAii(b) 


0 

photograph, measure 


( 


• 


VAii(b) /01 :> 07i(c), 07i(d) 

VAii(b) /N1 .->• N1S 
% 


heat, current 






S ->• N1 + be + 06 


• 






06 06 i 


Physicists 




5. 


HI - Ol/vl - V1U6 


frequency 






D6 -► l)6i,D0ii 


occasionally, continuously 




6. 


_vid 6 + oi/ni -► ms 


• 






S •> N1 + V5 + 05 


Sci. have affiliation 






05 *»■ 05i,05ii 


{mus . ,univ . }, institute 

• 






05i *► 05i(a) ,05i(b) 


• 

museum, university 




2 . 


+ VI + 01 /N1 *► K1S 


• 

• 






S N1 + be 4- 06 




( 




06 -► 061 - iv 


physicists, ... . geologists 

• 


• 


3 . 


01 01S 


• 






S *>■ 01 + has + 07 


• 






07 07 i - iv 

• 


t . life, bottom 

• 






07 i *► 07i(a) - (d) 


water, ... . heat flow 






07ii ->■ 07ii(a), 07ii(b) 


1 

# 






07iii -► 07iii * S 








S 07iii + has + 07iii' 


life has distribution 

• 






07iii -► 07iii(a), 07iii(b) 
rv 


plant, animal 






07iii' ^7-i-i-i ' fa) t 07iii'(b) vertical, horizontal 


• 




07 iv -► 07iv(a) , 07iv(b) 
• 


shape, earth 

• 


( 

> 
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• 


• 

• . 

*> 

• 

• 
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• 
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Then the overall syntactic structure of a sentence is given by applying 
all appropriate rules, c.g. for 8i « Sci . o perate lab, on .land_ plus the 
sentences dominating Si, we have: 

1 . N1 + VI + 01 
4. HI + V1D1 + 01 
7. N1 + V1U2S + 01 

7. N1 + V1D?.(N1 + V2 + 02) + 01 

8. N1 + V1D2(K1 + V2D3 + 02) + 01 

B Sci . + study ins t (Sci. ± operate on land ± lab ) + £cean. 

* 

A syntactic analysis supplements the graph by identifying both the 
syntactic basis for the derivation of one subgraph from another, and also 
the syntax within a subgraph. For psychological processes, it may be 
important whether the progression is by relative clauses modifying the 
subject, as opposed to adverbial phrases, or adverbial clauses. Another 
use is to denote recurrences of particular words within or between sub- 
graphs. Few recurrences occur in this passage, but they are common elsewhere 

t 

(e.g., in the steel passage). 
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2. Steel Passage 

The surface structure, is: 

Steel contains iron and carbon. Some forms of steel contain additional 
elements such as manganese, chromium and nickel. The strength of the steel 
depends on how the iron and carbon arc combined. Specifically, different 
proportions of iron and carbon are combined by heating and cooling. The 
strength of the steel depends on the proportion of carbon. If the propor- 
tion of carbon is zero the steel is not especially strong. As the proportion 
of carbon increases the strength of the steel increases. But if the 
proportion is too high the steel becomes brittle. The strength of the 
steel also depends on how fast the iron is cooled. Moderately rapid 

cooling produces stronger steel than slow or very rapid cooling. Moderately 

♦ 

rapid cooling produces stronger steel than slow cooling because the particu- 
lar alloys of iron and carbon that make up the steel depend on the rate 
of cooking. If the cooling is moderately rapid, strong alloys are 
produced. But if the cooling is too fast the strong alloys do not have 
time to form. Or if the cooling is too slow, the strong alloys have time 
to change to weaker ones. Steel is cooled by quenching the iron. Very 
rapid cooling is obtained by quenching in water. Moderately rapid cooling 
is obtained by quenching in oil. Slow cooling is done by quenching in air. 
The strength of the steel also depends upon how often the iron is heated 
and cooled. Reheating makes the steel harder and less brittle. Reheating 
of steel is called tempering. 



Figures 3 and 4 give the preliminary outline and structural description, 



respectively. 



Figs. 3 • and 4 
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•Iron and 



Steel ii brittle 
if it contains 
too much 
carbon 



Steel has strength 

. ’ I 

Steel is ‘made/ 
Iron and carbon 

carbon are combined in varying proportions/how 



Steel! is not 
particularly 
strong if it 
contains no 
carbon 



1 

Steel is strong 
if it contains 
a moderate 
proportion of 
carbon 



With variops other elements 



None 



Some 

Manganese Nickel 



Chromium 
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Fig. 3 Preliminary outline of steel passage 
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ar( ombined/how 

I 



1 



Iron and carbon are combined 
by heating and cooling/how 



-- cooking at various rates/vhy, how 



Steel is not strong 
if the iron and 
carbon are 
cooled slowly or 
extremely rapidly 



Steel is strong 
if the iron and 
carbon arc 
cooled 

moderately fast 



Steel is composed of various 
alloys_of t lron_& carbon 

Strong alloys" 1 
change to weak 
alloys if the 
iron and carbon 
arc cooled too 
slowly 



Strong alloys do 
nc have time to 
for tu if the iron 
and carbon are 
cooled too fast 



Strong! alloys 
form if the 
iron and car- 
bon are cooled 
moderately 
fast 



varying number of times 



•Steel is stronger if hcato 
more than once 

5. is Steel is 



Steel is 
harder 



less brittle 



•Reheating of steel is 
called tempering 



quenching in various ways 

— » — 1 — — j 1 

Steel is quenched Steel is Steel is 
slowly in air quenched quenched 

' very fast moderate 
in water fast in 
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more 



2.^ Fe & C x {arc combined (alloyed) }/acc. , manner 
2T. Fe & C x {become + combination (alloy)}/acc . , mar. 



» 

f. 

3. in pr oporlion/acc. 

l“ 



[extreme (high, low)) 
— 



high 



"“7 

[increasing) 

I T 



[none) 



4» V7ith other ele ment s/- 
li, ii 



[some) elements 



Mh 



J 



Ni 



Ir 



Abbreviations 



acc. 


accompaniment 


C 


Carbon 


compar . 


comparative 


Cr 


Chromium 


Fe 


Iron 


Mn 


Manganese 


Ni 


Nickel 


inst . 


instrumentality 









Fig. 4 Graph of steel passage 
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5* Fc & C >: {are heated & cooled }/rn to, frequency 

10. frequency/- 
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once 



once 

I . 



I. 
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more than 
once [tempering] 



more than 
once 



once 



more! than 
once 
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Note. 1 ; 

t 

1. The comparative is chosen because all steel is strong relative to 
most other materials. The major point to be noted at this node is that the 
analysis departs from the surface structure by introducing stc-el has strength 
at the outset. The departure is greatly heightened by introducing the 
values of stren gth at the same time. Closer adherence to the surface struc— 
turc incurs complications owing to the subordinate phrases, thus: 

1*. S x {is made } /instrumentality 
2*. Fe & C x {arc combined }/determines 
3' . S x {lias + strength} /depending on 

L 



less 



mol* 



4'. Fe f< C x {are combined }/acconpaniment, manner etc. as in the figure 

This version is awkward because of the repetition of the identical 
sentence at 2* and 4', and also because of the alternation of subject NPs 
and the anomalous subordinator determines at 2*. A more acceptable revision 
would be: 

1". S x {has + strength}/depending on 

• 

less more 

% 

2”. S x {is made}/instrumentality 

3". Fe & C x {are combined }/acc.ompanimcnt, manner etc. as in the figure 
However, this is essentially the version adopted, differing only in ’’hat 
1" explicates the derivation of strong steel in 1. 

2. The transformation combined -»■ combination is included so that it can 
be- used at 7 and 8. Also, after the / we continue the policy of not marking 
the obvious fact that accompaniment and manner are both adverbials. 
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3. Details of the correspondence with the subgraph are ns follows 
mapping is 1:1 between corresponding nodes of 1 and 3, except that 



The 

for brevity 



the expressions brittle ( connnr) and hard (c omnar) luive been deleted at 
3. The. dashes in 3 indicate that no values of pro p ortio n are specified 
for these nodes of the streng th tree. On the: other hand, if the text said 
that increasing the carbon content affected the hardness of the steel, then 
the 3 subgraph would become 




If in particular the text asserted that increasing carbon made the s^cel 
more hard, then the lower—righthand blank would be replaced by .increasing. 
3,4. The analysis of 3 and 4 given here is unsatisfactory, since the 
ordering of the two relative to each other is entirely arbitrary. This 
suggests that in fact they are coordinate. Of course, the coordination 
is not simply 





J 



because 3 and 4 both involve the composition of the steel, not the method 
of producing steel. Hence the proper form seems to be 



2 

* ( 


• 




r 

Composition 


• 


, 


3. of iroil and carbon 


'1 

4. of other elements 


r 


(3 subgraph) 


(4 subgraph) 
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Several details within the. 3 and 4 subgraphs deserve attention. At 
3i, both extremes are associated to lo w strength . But, in the subdivision 
of 3i, only the extreme high is a ,so< a ted to a subdivision of lov ? strength.’ 
The text does not specify how an extremely low proportion of carbon affects 



brittleness. 



{ 



The notation 11 , lii , in the 4 subgraph indicates a cross-classification 
of 4 and 1, because the text fails to specify and relation between strength 
and the presence of these other elements . At first glance, one might be 
tempted to reinstate the version 1* - 4* which was rejected in note 1. It 
enables one to avoid the subordination of 4 to strength ; . 

9 

1 * 





9 




This feature is an advantage because as noted no relationship of stren g th 
to 4 is stated. Nevertheless, this alternative still seems inferior. In 
addition to the reasons given at note 1, the alternative (like the figure, 
but unlike the improvement in note 3,4) fails to mark the fact that 4 and 
3 share the concept composition . 
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Also, the analysis of 4ii is questionable, because as given it implies 
a disjunction rather than conjunction of the other elements. Conjunction 
would be indicated by the term ‘Mn, 'Ni & Cr at one node. Actually, the 
text fails to specify whether conjunction or disjunction is intended; 

f 

perhaps b.oth are. 

3,6,10. An interesting observation is that the present text gives no 

information about possible relationships between the proportion of carbon . 

•- # 

« 

(3), and the rate (6) or frequency (10) of heating and cooling. Thus these 
variables cannot be in the same path. 
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5. It. would be pointless to replicate the 1 subgraph here, because no 
values of a variable are introduced. 

5,6,7. A very frequent complication in all paragraphs is illustrated here. 
The restriction from heated 6 cooled to coole d is definitely required at 6. 
However, it cannot be made at 5, because heating is involved in making 
steel. Nor can 5 be retained as is and followed by 

5 heating and cooling 
5' heating and cooling(cooling) 



V 



6(cooling) lO(cooling) 

because the restriction to c ool ing is semantically incorrect at 10. Thus 
we are left with the awkward but semantically accurate version in the 
figure, which essentially is 

5 heating and cooling 



r 



6. cooling 10. heating and cooling 

The objection to this analysis is that it scatters the values of a variable, 
i.e. the elaboration of a particular semantic hierarchy, throughout 
diverse nodes of the diagram instead of declaring the variable and all 
values in one single subgraph. Now why cannot a single subgraph be 
established at 5 and parts of it referred to as needed? In fact the 1 
subgraph did exactly that. At 5 the analysis would be 

5. heating and cooling 




Then this v/ould be cited differently at 6 and at 10, about as follows: 
6. rate 10. frequency 



1 

5. 




5. 

0 


i 

j 


« 0 




rate 
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The -desired result is achieved by tbe bottom terms of the 6 and 10 sub- 
graphs, since a correspondence to cool ing 35 C* vcn * u ^ ^ ut not * n 
Unfortunately, tbe correspondence between 6 and 5 has been achieved at tbe 
expense of obliterating the correspondence between 6 and 1, i.e. the 6 
subgraph in the figure. In general, a single partition or graph of a new 
variable can depict its relation to one antecedent variable, but not to 
several such variables except in the special case where the abstract 
graph structure is identical for all antecedents. The only solution is to 
select one subgraph as the template for the others (until it has been 
restricted, as at 9 in the oceanography passage), and in the present case 
the frequently recurring subgraph 1 is the logical choice: In addition, 
there may be some value in enumerating the subgraphs or hierarchies as 
an adjunct to the main analysis, but so doing would not solve the problem 
of representing correspondences among more than two hierarchies. 

Essentially the same problem often arises at the sentence level. Now 
it is a question of syntactically related sentences, not related lexical 
items, appearing throughout the graph. For example, the sentences 
7 es iron and carbon form strong alloy and 8 = Iron and carbon form first 
alloy , are obviously derived from 21 = Iro Q £ ar _ b °ll form alloy.. The 
intervention of 5 and 6 obscures the derivational history of 7 and 8. All 
of the points made above for lexical hierarchies apply when, the noun 
hierarchy is produced by adjectival (or adverbial etc.) modifiers; in 
this case the implicit tree is 

alloy . 



r 



[strong] [first] 

6. The term 1*6 why after the 1 marks another type of recurrence of ,, 
earlier sentences. This time the main sentence recurs as part of the object 



o 
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of the interrofcat: ivc trliy , loosely rendered V»hv eofi"! JLll9. 

( defend on the rate of coolinj;? Clearly 1 recurs, since the intended query 

cannot be reduced by eliminating the main clause: Why are, ijeri ajid^ cju b oji 

heated at a (cer tain) rate? would be a totally different question. 

It is important to observe that treating the problem simply by a syntactic 

distinction between subordinators that attach to a subordinate clause (c.g., 

most of the ones in this paragraph) vs. subordinators attached to the whole 

preceding sentence would be a superficial solution. What is needed for 

psychological purposes is to mark all recurrences of clauses. 

6,9. A radically different analysis would be roughly as follows (subgraphs 

0 

omitted for brevity) 

9 r Strength depends on method of quenching/because 

IjmotTipci..- 



6' strength depends on rate 
7 

& 



iRate depends on method 



In terms of the overall theme, this differs from the original version by 
establishing 9 as the principal conclusion, changing both 6 and a new 
line Rate depends on method into subordinate premises. Part of the reason 
for rejecting this alternative is that making 9 the major conclusion 
seems- contrary to one's intuitive interpretation of the text. The reason 
is partly formal also, because the Rate depen ds on metho d brings an extra 
expression with its subgraph into the analysis. The subgraph would 
associate rate names to nodes of the m ethod subgraph, instead of to 
nodes of 1, the strength subgraph. Simplicity dictates that the same 

subgraph be retained. 
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7. YJlvit is explicit lias the form 6 becau se of 7 . A more rigorous logical 
deduction would add the fact that 7 implies 6. This could be derived from 
general a pr iori principles relating properties of wholes to properties of 
constituents. 

8i,9i. The notation 6i signifies a 1:1 correspondence with the two terms 
of 6i. Again, recourse to such notation is forced because of the decision 

to make the 6 subgraph correspond to the 1 subgraph. The alternative for 

* mm 

6 would be: 



fast [very] 



r — 

extreme 

6 . 



etc. 



sl'ow 



so that 8, and likewise 9, can easily be written 

1 

ktc. 

pile- pbst- 

This revision would avoid cumbersome terms such as 6i[ pre -] , [ post ]but at 

the cost of substituting the 6 hierarchy for the lefthand subhierarchy of 

1 (the nodes brittle (more ) and brittle (less) ). Whether or not the revision 

3 

is an improvement seems uncertain. 



Also, the term pre- in 8i is not stated directly, but involves the 
inference that with too rapid - cooling the alloys do not have time to form. . 

A less plausible but not illogical inference would be that 1. should be relabeled 



1 . 



, 1 

[first] , [after second] 



[second] 



Finally, use of the same first term both for the variable and for one value 
is not ideal. 






6,10. There is no conceivable subordinator connecting 6 with 10, so they 

are coordinate, despite the fact that both assign values to the same 
partition (viz., the 1 subgraph). .193 
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10. Here the policy of abbreviating 1 creates the misleading impression 
that in ore t_han mice is a value of once in 10i> and vice-versa in lOii. 

To rectify this, the full form of 1 would give. 

frequency 

* 

_J 



frequency 

* 



frequency 

* 



with the subgraph once, more than once appearing at each position marked 
by an asterisk. 

A detail omitted is the nominalisation KP ± is heat cd more than once. - 
Heating of HP more, than once in order to make it the subject of the sentence 
whose predicate is is called tem pering This correction is needed so that 
the modifier is not misconstrued as applying to the HP more times- 

t 
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3. Nebula Passage 

Two different surface structure versions of the deep structure are 
possible. 

Version! 1 : 

A nebula is any source of light in the sky that has a relatively fixed 

location in space and looks fuzzy or nebulous. There arc. two kinds of 

nebulae. One kind is the nebulae outside of our own galaxy. These 

nebulae are composed of stars, like our own galaxy is composed of stars. 

Galaxy nebulae appear in clusters of from two to thirty galaxies. The clusters 

of galaxy nebulae are spread rather evenly throughout the universe. 

Galaxy nebulae look fuzzy because the overall nebula is seen, but the 

\ 

nebulae arc so remote that their individual stars cannot be distinguished, 
even with the most powerful telescopes. In fact, with the naked eye only 
three galaxy nebulae are close enough to be seen at all. The other kind 
is the nebulae within our own galaxy. These nebulae are clouds of gas or 
dust. Some of the gas nebulae are evolving to become stars by expanding 

« 

and contracting. Gas nebulae glov; because the gas itself is luminous, but 
dust nebulae seem to glow because they are illuminated by nearby stars. 

Version 2 : 

A nebulae is any source of light in the sky that has a relatively 
fixed location in space and looks fuzzy or nebulous. There are two kinds 
of nebulae, the ones outside our own galaxy and the ones within our galaxy. 

The nebulae outside our galaxy are composed of stars, like our own galaxy 
is composed of stars. The nebulae within our galaxy are clouds of gas 
or dust. Galaxy nebulae appear in clusters of from two to thirty galaxies. 

The clusters of galaxy nebulae are evolving to become stars, by expanding 
and contracting. Galaxy nebulae look fuzzy because the overall nebula is 

. f: 

seen, but the nebulae are so remote that their individual stars cannot be 
distinguished, even with the most powerful telescopes. In fact, with the 
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naked eye only tlnrcc galaxy nebulae arc close enough to he seen at all. 

Gas nebulae glow because the gas Itself is luminous, but dust nebulae seem 

to glow because they are illuminated by nearby stars. 

The preliminary outline and graph appear in Figo,. 5 and 6 respectively. 



Fi gures 5 and 6 



Note; 



1,2 and 9d,10. To make the figure more compact, the path from 1 to 2, and 
likewise from 9a to 9b, has been drawn horizontally instead of vertically. 



1. As in the other passages, the partition of the subject HP is given at 
the outset. An issue here and elsewhere (e.g., 9b, and 1 of s . tee l) is that 
sometimes an initial partition gets refined based on a subsequently introduced 
variable. However, it seems awkward to repeat a previous partition in older 
to define further partitions on it. Instead, the tentative solution has been 
to mark the complete tree upon the first occurrence of the variable, thus 
anticipating that a later justification for the partition will be given. 

For example, 1 itself only requires the simple subgraph 

1 . 

nebula other 

but the further partition shown at 1 in the figure anticipates the partition 
to be established at 2. 

2. The analysis here is a composite subgraph involving the two variables 

location and appear once . For the sake of simplicity, the principle of 

introducing variables one at a time has been violated. Actually, the 2 

subgraph is a simplified version of a cross-classification of the trees 

location and appearence . The simplification was made by collapsing all 

" • ^ • 

products except fixed & visible into one term other than fixed and visible . 
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Objects have 
various names/iff 

nebula other 



Nebulae outside. our galaxy 
have distribution in space 

| 

in evenly spaced clusters 



Gas nebulae have varying evolution 

do not evolve evolve 

, I 

\ to star by 

expanding & 
contracting 



% 





Fig. 5 Preliminary outline of nebula passage 
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•relative locations'll space and appearance /why 



fixed location 



o tiier 



iz'y.y gloving 



Nebulae have various 

locations relative to our galaxy /Nebulae, and 

outside of Cur galaxy within our^ galaxy 



— I 



Nebulae have various compos itions/Ncbulae, and 



stars/ thus, like 
are galaxies our galaxy 



various clouds 



gAs 



dukt 



_1 Nebulae have various optical proper ties/ why 

ry 

p- galaxy nebulae! /ins t, 

are fuzzy but j 



The overall The individual 

galaxy nebulae stars are 

are visible not visible 



Iwith instrument /why 

f most powerful telescope 
eye r (three telescope 
nebulae) 

nebulae are at 



varying distances 



f 



less 'remote more demote 



cloud nebulae glow/inst 



gas nebulae are 
self- 
luminous 



1 



Dust nebu.lae 
are illuminated 
by nearby stars 



Fig. 5 (Cont'd) 
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Fig. 6 Graph of nebula passage 
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Abbreviations 



coiiipar . 
inst . 
Neb. 
v. 



comparative 
instrumentality 
nebula (e) 
visibility 



( 
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*9. Neb, x {has •[• [ opt ica 1 ] pr op er t i e s } /why 
~ ~ ia , *3 



lai’& 3i 



laiPs 3ii 



• 9b * [optical] instrument/9a^9b why 9e. source/- 

S ^a. i ~9a7 ~ ‘K™ 

n 



v. [of whole] v[of components] 
yes 



no 
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9c. telescope Jeyc telescope 
9c. .[even [some 

[most power- 
ful]]] 

t4lescope telescope & eye 
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self otTier 

[nearby star] 



9d . Neb/and 




10. Neb, x {is distant}/- 
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A second point is that in In the terms £l'ow and fuz zy arc semantically 
interpreted as being joined by conjunction rather than implication. Some 
objects glov; and are not fuzzy, and conversely. 

Another issue is how to mark the fact that 1 and 2 are true by the 
definition of a nebula. Tentatively, this has been done by assigning the 
label other to all remaining nodes of 1 and 2, effectively cstab 1 ishing 
an if and only if convention between nebula in 1 and glow and fu zgy in 2. 

m - ♦ m m » m ■ — m ■ ■ 1 * r ^ " — 1 

Definitions apparently do have the logical form Def ini end urn iff def inio ns. 

Rote also that the subject KP in 2 is ob j ec t , not nebula . Ihc latter 

would be incorrect, for then the answer to why would not be 3ff., but 

» 

i 

simply by defini tion. 

3. Nodes 3ff answer the question why ( =bccause of) in the 2 expression. 

Again, the logical form is: To prove :B; Proof: A and A -/’B. What is to 

be noticed is that the graphs list A explicitly, but not the statement A-v’B* 

A principle characteristic of this passage is the manner in which 
nodes 3ff . answer the why of node 2. The details here are somewhat 
complex and difficult to represent, although the present version seems 
generally satisfactory. In order to clarify what the problem is, it will 
be helpful to think of nodes 3 (location) and 5 (composition) as one subset, 
nodes 6(distribution) and 7(evolution) as a second subset, and nodes 9ff. 
as a third subset. (There is no node numbered 4). On first glance, it 
appears that only nodes 9ff. actually answer the question of why the nebula 
glow and are fuzzy, while both 3,5 and 6,7 introduce other properties of 
nebula. But a more careful reading indicates that only nodes 6 and 7, not 
3 and 5, are irrelevant to the why of 2. Nowhere does the text imply that 

T . 

the spatial distribution or evolution of the nebula are at all responsible 

for the glowing, fuzzy appearance. However, the facts that nebulae are 

» - 



